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ABSTRACT
I t  was t h e  p u r p o s e  o f  t h i s  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t s  o f  
t h r e e  e x e r c i s e  r o u t i n e s  o f  s h o r t  d u r a t i o n ,  g i v e n  in c o n j u n c t i o n  w i t h  
a r e g u l a r  p h y s i c a l  e d u c a t i o n  p rogram,  on t h e  d e v e l o p m e n t  o f  c a r d i o - .  
v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h ,  and m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s  o f  
a s e l e c t e d  group  o f  c o l l e g e  m a l e s .
One hundred  t w e n t y  ma le  s t u d e n t s  a t  Pembroke S t a t e  C o l l e g e ,  
Pembroke,  No r th  C a r o l i n a  s e r v e d  as  s u b j e c t s  f o r  t h i s  s t u d y .  The 
s u b j e c t s  were  d i v i d e d  i n t o  f o u r  g r o up s :  Group I p e r f o r me d  a f i v e -  
m i n u t e  i n t e r v a l  run in a d d i t i o n  t o  t h e  r e g u l a r  r e q u i r e d  program of  
p h y s i c a l  e d u c a t i o n ;  Group II pe r fo r me d  a s p e c i a l l y  d e s i g n e d  s t e p p i n g  
e x e r c i s e  o f  two and o n e - h a l f  m i n u t e s  d u r a t i o n  a l o n g  w i t h  t h e  p h y s i c a l  
e d u c a t i o n  a c t i v i t y ;  Group 111 p e r f o r me d  a p rogram o f  f o u r  i s o m e t r i c  
e x e r c i s e s  f o r  a p e r i o d  o f  e i g h t  s econds  f o r  e a c h  e x e r c i s e  in a d d i t i o n  
t o  t h e  p h y s i c a l  e d u c a t i o n  program;  and Group IV, t h e  c o n t r o l  g r ou p ,  
p a r t i c i p a t e d  o n l y  in t h e  r e g u l a r  requI  red  p rogram o f  p h y s i c a l  e d u c a t i o n .  
A l l  s u b j e c t s  t o ok  p a r t  in t h e  same p h y s i c a l  e d u c a t i o n  a c t i v i t i e s ,  
c o n s i s t i n g  o f  s o c c e r ,  t ouc h  f o o t b a l l ,  b a s k e t b a l l ,  and w r e s t l i n g .  The 
f i r s t  week o f  t h e  e x p e r i m e n t  was d e v o t e d  t o  o r i e n t a t i o n  and p r e - t e s t  
t r a i n i n g  t o  f a m i l i a r i z e  t h e  s u b j e c t s  w i t h  t h e  t e s t s  and t h e i r  
a d m i n i s t r a t i o n .  A l l  g r oups  we r e  t e s t e d  t h e  f o l l o w i n g  week in o r d e r  t o  
e s t a b l i s h  t h e  i n i t i a l  s c o r e s  on t h e  v a r i a b l e s  i n v o l v e d  In t he  s t u d y .
The s u b j e c t s  t h e n  t r a i n e d  t h r e e  days  a week f o r  s i x  weeks .
i x
At t h e  end of  t h e  s i x - w e e k  t r a i n i n g  p e r i o d ,  a l l  s u b j e c t s  were  
r e - t e s t e d  in an e f f o r t  t o  d e t e r m i n e  w h e t h e r  o r  n o t  s i g n i f i c a n t  c ha nge s  
in c a r d i o - v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h ,  and m u s c u l a r  e n d u r a n c e  o f  
t h e  l e g s  o c c u r r e d  d u r i n g  t h e  s t u d y .
The j t - t e s t  was used t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e  g a i n s  
made be t ween t h e  i n i t i a l  and f i n a l  t e s t s  o f  c a r d i o - v a s c u l a r  f i t n e s s ,  
l e g  s t r e n g t h ,  and m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s .  A n a l y s i s  o f  v a r i a n c e  
was u t i l i z e d  t o  d e t e r m i n e  i f  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  among 
t h e  f o u r  g r oups  in t h e  mean g a i n s  made in each  o f  t h e  v a r i a b l e s .
The f i n d i n g s  o f  t h i s  s t u d y  were a s  f o l l o w s :
1. The g a i n s  made in c a r d i o - v a s c u l a r  f i t n e s s  by a l l  f o u r  g r oups
were  s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  No 
s i g n i f i c a n t  d i f f e r e n c e s  we re  found  among t h e  f o u r  g roups  
in c a r d i o - v a s c u l a r  f i t n e s s  g a i n s .
2 .  Al l  f o u r  g r ou p s  showed s i g n i f i c a n t  improvement  in l eg
s t r e n g t h  a f t e r  s i x  weeks  o f  t r a i n i n g .  The g a i n s  were  
s i g n i f i c a n t  a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y .  When t h e  
g r oups  were  compared,  no s i g n i f i c a n t  d i f f e r e n c e s  in l eg  
s t r e n g t h  g a i n s  were  found .
3.  The g a i n s  made in m u s c u l a r  e n d u r a n c e  s c o r e s  we r e  s i g n i f i c a n t
a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y  f o r  a l l  f o u r  g r o u p s .  No 
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among t h e  f o u r  g r oups  in 
t h e  amount  o f  improvement  made in m u s c u l a r  e n d u r a n c e  s c o r e s .
Wi th i n  t h e  l i m i t s  o f  t h i s  s t u d y ,  i t  was c o nc l ud e d  t h a t  s i g n i f i c a n t  
g a i n s  in c a r d i o - v a s c u l a r  f i t n e s s ,  s t r e n g t h  and e n d u r a n c e  can be b r o u g h t  
a b o u t  by p l a c i n g  t h e  i n d i v i d u a l  unde r  s u f f i c i e n t  s t r e s s .  The n a t u r e  o f  
t h e  c o n d i t i o n i n g  program i s  n o t  t h e  i m p o r t a n t  c o n s i d e r a t i o n  as  l ong as  
i t  i s  s u f f i c i e n t l y  s t r e n u o u s .
CHAPTER I
INTRODUCTION
I t  has  been s t a t e d  t h a t  ,£t h e  key t o  t h e  d ev e l op me n t  o f  s t a m i n a  
a p p e a r s  t o  be work ,  work,  and more work w i t h  p r o g r e s s i v e l y  i n c r e a s e d  
l o a d s . S t a m i n a  f o r  r un n i n g  has  been t h o u g h t  o f  as  a l o n g - t e r m  
d e v e l op me n t  t h a t  i s  o n l y  a c q u i r e d  as  a r e s u l t  o f  long  h o u r s  o f  
r u n n i n g .  T h i s  a p pr oa c h  t o  p h y s i c a l  e d u c a t i o n  in t h e  p a s t  has  been 
somewhat  m a s o c h i s t i c  in n a t u r e .  To push o n e s e l f  t o  t h e  l i m i t ,  o r  a t  
l e a s t  t o  t h e  p o i n t  where  one f e e l s  he can  go no f u r t h e r  i s  more o r  
l e s s  t h e  a c c e p t e d  method of  t r a i n i n g  by many c o a c h e s  and a t h l e t e s  in 
t h e  f i e l d .  T h e r e  i s  no l o g i c a l  r e a s o n  why t r a i n i n g  f o r  a s t r e n u o u s  
a c t i v i t y  s ho u l d  be u n p l e a s a n t .  The f a c t  t h a t  one  t e n d s  t o  r e p e a t  t h e  
a c t i o n s  t h a t  a r e  e n j oy e d  and t o  shun u n p l e a s a n t  e x p e r i e n c e s  would ,  in 
i t s e l f ,  j u s t i f y  e x p l o r a t i o n  in t h i s  a r e a .
Al t hough  I t  may be d e s i r a b l e  t o  a t t a i n  t h e  h i g h e s t  p o s s i b l e  
d e g r e e  o f  p h y s i c a l  f i t n e s s ,  t o  push  o n e s e l f  beyond t h e  p o i n t  where  
maximum e f f i c i e n c y  i s  r e a l i z e d  i s  n o t  o n l y  a w a s t e  o f  t i m e ,  b u t  i t  
a l s o  t a k e s  much o f  t h e  en j oymen t  o u t  o f  t h e  a c t i v i t y .  P e r s o n s  i n v o l ve d  
w i t h  t h e  t r a i n i n g  and c o n d i t i o n i n g  o f  a t h l e t e s  a r e  we l l  aware  of  t h e
^ P h i l i p  J .  Rasch,  " En d u r an c e  T r a i n i n g  f o r  A t h l e t e s , 11 J o u r n a l  
o f  t h e  A s s o c i a t i  on f o r  Physi  c a l  and Mental  R e h a b i 1 i t a t  i o n , XI I 1 
(November -December , 1959) ,  185.
prob l em o f  s u s t a i n i n g  e n t h u s i a s m  and i n t e r e s t  o f  t h e  s u b j e c t s  o v e r  a
long  p e r i o d  o f  t i me .
Much o f  t h e  i n f o r m a t i o n  c o n c e r n i n g  t r a i n i n g  me thods  now in use
ha s  been p r i m a r i l y  t h e  r e s u l t  o f  y e a r s  o f  t r i a l  and e r r o r  by a t h l e t i c
c o a c h e s .  L a t e l y ,  a s  a r e s u l t  o f  r e s e a r c h ,  many o f  t h e  o l d e r  methods
o f  c o n d i t i o n i n g  a r e  now o b s o l e t e .  S e v e r a l  i n v e s t i g a t o r s  have  found
e v i d e n c e  t h a t  o t h e r  fo rms  o f  e x e r c i s e  can be a s  e f f e c t i v e ,  i f  n o t
more  so ,  t h a n  t h e  t r a d i t i o n a l  program o f  r un n i n g  and more r u n n i n g .
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R e s ea r c h  by Howell  and o t h e r s  l ed  them t o  s u r m i s e  t h a t  i s o m e t r i c  and
i s o t o n i c  e x e r c i s e s  we re  e q u a l l y  e f f e c t i v e  In I n c r e a s i n g  m u s c u l a r
3
e n d u r a n c e .  A s u b s e q u e n t  s t u d y  by A l o s t  showed no s i g n i f i c a n t  
d i f f e r e n c e  be t ween p rograms  o f  r u n n i n g  and i s o m e t r i c  e x e r c i s e s  in t h e  
d e v e l o p m e n t  o f  c a r d i o - v a s c u l a r  f i t n e s s .  A l t h o u g h  c o n s i d e r a b l e  p r o g r e s s  
has  been made in t h e  improvement  o f  p h y s i c a l  c o n d i t i o n i n g  more d e f i n i t e  
s c i e n t i f i c  knowledge  i s  needed  a b ou t  t h e  a c t u a l  p h y s i c a l  c h a n g e s  
b r o u g h t  a b o u t  t h r o u g h  d i f f e r e n t  t r a i n i n g  me t h o d s .
One o b j e c t i v e  o f  a good t r a i n i n g  program i s  t o  a t t a i n  t h e  
maximum amount  o f  p h y s i c a l  e f f i c i e n c y  in t h e  minimum amount  o f  t i me .  
Coaches  and p h y s i c a l  e d u c a t o r s  a r e  c o n s t a n t l y  f a c e d  w i t h  t h e  prob lem
2
Maxwell  L. Howel l ,  Ray Kimoto,  and W. R. Ma r f o r d ,  “ E f f e c t s  o f  
I s o m e t r i c  and I s o t o n i c  E x e r c i s e  Programs  Upon Mu s c u l a r  E n d u r a n c e , 11 
R e s ea r ch  Q u a r t e r l y , XXXIII (December ,  1962) ,  536 - 5 -^0 .
3
R o be r t  A l o s t ,  " E f f e c t s  o f  I n i t i a l  C a r d i o - V a s c u l a r  C o n d i t i o n ,
Type o f  T r a i n i n g  Program,  and F r equency  o f  P r a c t i c e  Upon C a r d i o - V a s c u 1a r  
D e v e l o p m e n t , "  6 7 t h  P r oc e e d  i ngs  o f  t h e  N a t i o n a l  Phys i c a l  Educa t  ?on 
A s s o c i a t i o n  f o r  Men, (196*0,  p .  25.
3o f  h a v i n g  t h e i r  c h a r g e s  a t t a i n  a s a t i s f a c t o r y  d e g r e e  o f  p h y s i c a l  
c o n d i t i o n  in a l i m i t e d  amount  o f  t i m e .  R e s e a r c h  on t r a i n i n g  methods  
s h o u l d  a i d  t h e  p h y s i c a l  e d u c a t o r  and a t h l e t i c  coach  in o r g a n i z i n g  
e f f e c t i v e  p r o g r am s .
Th i s  s t u d y  was u n d e r t a k e n  t o  I n v e s t i g a t e  t h e  e f f e c t s  o f  s h o r t  
b o u t s  o f  i n t e n s i v e  e x e r c i s e s  g i v e n  in c o n j u n c t i o n  w i t h  a r e g u l a r  
p h y s i c a l  e d u c a t i o n  program on t h e  d e ve l op me n t  o f  s e l e c t e d  me a s u r e s  o f  
p h y s i c a l  c o n d i t i o n .
I .  PURPOSE OF THE STUDY
I t  was t h e  p u r p o s e  o f  t h i s  s t u d y  t o  d e t e r m i n e  t h e  e f f e c t s  o f  
t h r e e  e x e r c i s e  r o u t i n e s  o f  s h o r t  d u r a t i o n ,  g i v e n  in  c o n j u n c t i o n  w i t h  
a r e g u l a r  p h y s i c a l  e d u c a t i o n  a c t i v i t y  p r og r am,  on t h e  d e v e l op me n t  o f  
c a r d i o - v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h  and  r e l a t i v e  m u s c u l a r  e n d u r a n c e .  
The t h r e e  e x e r c i s e  p rograms  c o n s i s t e d  o f  a f i v e - m i n u t e  i n t e r v a l  r u n ,  a 
22,- m i n u t e  bench s t e p p i n g  e x e r c i s e ,  and an i s o m e t r i c  e x e r c i s e  r eg ime  
o f  f o u r ,  e i g h t - s e c o n d  c o n t r a c t i o n s .
I I .  LIMITATIONS OF THE STUDY
T h i s  s t u d y  was l i m i t e d  t o  a p e r i o d  o f  n i n e  weeks .  The f i r s t  
week was d e v o t e d  t o  o r i e n t a t i o n  and p r e - t e s t  t r a i n i n g ,  t h e  s econd  
and n i n t h  weeks were  u t i l i z e d  f o r  t e s t i n g ;  c o n s e q u e n t l y ,  s i x  weeks 
were  s p e n t  in t h e  a c t u a l  t r a i n i n g  and p h y s i c a l  e d u c a t i o n  a c t i v i t i e s .
Th i s  s t u d y  was l i m i t e d  t o  120 f r e s hma n  ma l e  s t u d e n t s  e n r o l l e d  
i n  p h y s i c a l  e d u c a t i o n  c l a s s e s  a t  Pembroke S t a t e  C o l l e g e .
Each t r a i n i n g  method used in t h i s  s t u d y  was l i m i t e d  t o  a f i v e  
mi n u te  t i me  p e r i o d  a t  t h e  b e g i n n i n g  o f  each c l a s s  p e r i o d .
Dur ing  i n c l e m e n t  w e a t h e r  i t  was n e c e s s a r y  f o r  t h e  r un n i n g  group  
t o  t r a i n  i n d o o r s  on t h e  gymnasium f l o o r .  As t h i s  r e s u l t e d  in a 
somewhat  ove rc rowded  a r e a  in which  t o  run t h e  d i s t a n c e  c o v e r e d  and t h e  
p a c e  were  c o n s i d e r a b l y  l e s s  t h a n  t h a t  o b t a i n e d  o u t - o f - d o o r s .
F u r t h e r  l i m i t a t i o n s  we r e  t h a t  o n l y  one  t e s t  o f  each  o f  t h e  
t h r e e  v a r i a b l e s  was u s e d .  Leg s t r e n g t h  d e ve l opme n t  was measured  in 
o n l y  one pos i  t i o n .
I I I .  BASIC ASSUMPTIONS
The s u b j e c t s  w e r e  assumed t o  have  been e q u a l l y  m o t i v a t e d  and t o  
have  pe r f o r me d  t o  t h e  b e s t  o f  t h e i r  a b i l i t y  d u r i n g  t h e  t e s t i n g  p e r i o d s  
and in t h e  c l a s s  a c t i v i t i e s .
Whi l e  t h e r e  was no a c t u a l  c o n t r o l  o f  t h e  o u t s i d e  a c t i v i t i e s  o f  
t h e  s u b j e c t s  which  mi gh t  i n f l u e n c e  t h e  r e s u l t s  o f  t h e  s t u d y ,  t h e y  were  
r e q u e s t e d  t o  r e f r a i n  f rom a d d i t i o n a l  e x e r c i s e s ,  and i t  was assumed 
t h a t  t h e s e  a c t i v i t i e s  we re  l i m i t e d  and c o n t r o l l e d .
IV. DEFINITION OF TERMS USED
I s o m e t r i c  c o n t r a c t i o n . Development  o f  t e n s i o n  w i t h o u t  a
ks h o r t e n i n g  o f  t h e  m u s c l e  f i b e r .
L a u r en c e  E. Morehouse and Augus t us  T.  M i l l e r ,  J r . ,  Phys i o l oqy  
o f  E x e r c i s e  ( S t .  L o u i s ;  The C. V. Mosby Company, 1959) ,  p.  27.
F u n c t i o n a l  i s o m e t r i c  c o n t r a c t i o n . An i s o m e t r i c  c o n t r a c t i o n  in 
t h e  p o s i t i o n  in which t h e  mus c l e  i s  t o  be used. " ’
Leg s t r e n g t h . The a b i l i t y  o f  t h e  e x t e n s o r s  o f  l e g s  t o  e x e r t  
f o r c e  a g a i n s t  r e s i s t a n c e .
Muscu l a r  e n d u r a n c e . The a b i l i t y  t o  c o n t i n u e  m u s cu l a r  work a t
a sub-maximal  l e v e l  t h a t  makes r e l a t i v e l y  smal l  demands on t he  c a r d i o -
* 6 v a s c u l a r  s y s t em .
R e l a t i v e  m u sc u l a r  e n d u r a n c e . The a b i l i t y  t o  c o n t i n u e  m u s c u l a r  
work in moving an amount  o f  w e i g h t  which i s  a s p e c i f i c  p r o p o r t i o n  o f  
t h e  maximum s t r e n g t h  o f  t h e  mus c l e s  t o  be u t i l i z e d .
C a r d i o - v a s c u l a r  f i  t n e s s . The s t r e n g t h  and e n d u r a n c e  o f  t h e  
h e a r t  and e f f i c i e n c y  o f  t h e  c i r c u l a t o r y  s y s t em in a d j u s t i n g  t o  work 
s i t u a t i o n s . ^
5
R o b e r t  Hoffman and o t h e r s ,  F u n c t i o n a l  I s o m e t r i c  C o n t r a c t i o n 
f o r  F o o t b a l 1 (New York:  Bob Hoffman F o u n d a t i on ,  1962) ,  p .  9.
^Rasch ,  o£.  c i  t . , p .  183.
^ C a r l t o n  R. Meyers and T.  Erwin B l e s h ,  Measurement  in P h y s i c a l  
E d u c a t i o n  (New York:  Rona l d  P r e s s  Company, 1962) ,  p .  177.
CHAPTER I I
REVIEW OF RELATED LITERATURE
The r e l a t e d  l i t e r a t u r e  f o r  t h i s  s t u d y  has  been d i v i d e d  i n t o  two 
m a j o r  c a t e g o r i e s :  ( 1) l i t e r a t u r e  o f  a g e n e r a l  n a t u r e  c o n c e r n i n g  c a r d i o ­
v a s c u l a r  f i t n e s s  and e n d u r a n c e ,  and (2 ) s t u d i e s  p e r t a i n i n g  t o  t h e  
e f f e c t s  o f  t r a i n i n g  on c a r d i o - v a s c u l a r  f i t n e s s ,  s t r e n g t h ,  and e n d u r a n c e .
I .  LITERATURE OF A GENERAL NATURE CONCERNING 
CARDIO-VASCULAR FITNESS AND ENDURANCE
Karpovich^  s t a t e d  t h a t  e n d u r a n c e  may be t h o u g h t  o f  i n  t e rms  o f  
how long  a c e r t a i n  e x e r c i s e  can  be m a i n t a i n e d ,  and in many c a s e s  t h i s  
e x e r c i s e  i n v o l v e s  a r e p e t i t i o n  o f  a c e r t a i n  movement ,  t h u s  g i v i n g  a 
c r i t e r i o n  by which c o m p a r i s o n s  can be made.  He f u r t h e r  s t a t e d  t h a t  
t h e  s t a t e  o f  f a t i g u e  in a p e r s o n  d e t e r m i n e s  t h e  l i m i t  o f  e n d u r a n c e  and 
t h e r e f o r e  a l l  t h e  f a c t o r s  which  d e l a y  t h e  o n s e t  o f  f a t i g u e  In a p e r s o n  
d e t e r m i n e  t h e  l i m i t  o f  e n d u r a n c e  and t h e r e f o r e  a l l  t h e  f a c t o r s  which
d e l a y  t h e  o n s e t  of  f a t i g u e  a l s o  i n c r e a s e  t h e  e n d u r a n c e .
2
S t e i n h a u s  s t r e s s e d  t h e  i m p or t a n c e  o f  d i s t i n g u i s h i n g  be t ween 
m u s c u l a r  e n d u r a n c e  and c i r c u l o - r e s p i r a t o r y  e n d u r a n c e .  He p o i n t e d  o u t
^ P e t e r  V. K a r po v i c h ,  “ F a t i g u e  and E n d u r a n c e , "  Re s e a r c h  Q u a r t e r l y , 
XII Supp l emen t  (May, 1941) ,  416-1*22.
2
A r t h u r  H. S t e i n h a u s ,  Toward an U n d e r s t a n d  i ng o f  H e a I t h  and 
P h y s i c a l  E d u c a t i o n  (Dubuque;  W i l l i a m  C. Brown Company, 1963) ,  p.  60.
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t h a t  a l l  forms  o f  e n d u r a n c e  a r e  d e p e n d e n t  upon c i r c u l a t i o n ;  however ,  
mu s c u l a r  e n d u r a n c e ,  which means l i f t i n g  t h e  same w e i g h t  many t i m e s ,  
i s  a l s o  r e l a t e d  t o  s t r e n g t h .  When a mus c l e  i s  s t r o n g  enough t o  
p e r f o r m a t a s k  by u s i n g  o n l y  o n e - t h i r d  o f  i t s  mot or  u n i t s ,  t hen  
t w o - t h i r d s  a r e  r e s t i n g .  Those  mu s c l e s  t h a t  a r e  n o t  working  s h u t  o f f  
t h e i r  own blood s u p p l y .  A f t e r  a p e r i o d  o f  t i me  a n o t h e r  group o f  
musc l es  t a k e s  o v e r  and p e r m i t s  t h e  p r e v i o u s l y  a c t i v e  ones  t o  r e s t .  
Thus ,  by r o t a t i n g  u n i t s  t h e  a c t i v i t y  can be k ep t  up much l o n g e r  and 
t h e r e f o r e  a s t r o n g e r  musc l e  can h o l d  a g iv e n  t e n s i o n  much l o n g e r  t ha n  
a weak one .  I s ch e mi a ,  o r  t h e  m u s c u l a r  p a i n  due t o  f a t i g u e ,  i s  caused  
by a s h o r t a g e  o f  b l o o d  s u p p l y .  A man must  e ndu r e  some o f  t h i s  pa i n  
whenever  he i s  p u s h i n g  h i m s e l f  t o  t h e  l i m i t  o f  h i s  e n d u r a n c e .
In an a r t i c l e  r e v i e wi n g  l i t e r a t u r e  p e r t a i n i n g  t o  e n d u ra n c e
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t r a i n i n g  f o r  a t h l e t e s ,  Rasch s u g g e s t e d  t h a t  t h e r e  a r e  t h r e e  ways in 
which t h i s  f a c t o r  can  be d e v e l o p e d :  ( 1) by i n c r e a s i n g  t h e  e f f i c i e n c y  
of  movement ,  t h e r e b y  r ed u c i n g  t h e  e n e r g y  e x p e n d i t u r e  r e q u i r e d  t o  
p e r fo r m a g i ve n  t a s k ,  ( 2 ) by i n c r e a s i n g  t h e  r a t e  a t  which oxygen can 
be t a ken  up and t r a n s p o r t e d  t o  t h e  m u s c l e s ,  and (3 ) by d e v e l o p i n g  t h e  
a b i l i t y  t o  i gn o r e  t h e  d i s c o m f o r t s  a s s o c i a t e d  wi t h  f a t i g u e  and oxygen 
d e b t .
Rasch found t h a t  t h e r e  a r e  f o u r  main t h e o r i e s  o f  t r a i n i n g  f o r
3
P h i l i p  J .  Rasch,  ' ‘Endurance  T r a i n i n g  f o r  A t h l e t e s , "  J o u r n a l  
o f  t h e  Associ  a t i  on f o r  Physi  ca l  and Mental  R e h a b i 1 i t a t i o n , XI I I 
(November-December , 1959) 5 182-185.
e n d u r a n c e  a t  t h e  p r e s e n t  t i m e - - f a r t l e k  t r a i n i n g ,  c i r c u i t  t r a i n i n g ,  
i n t e r v a l  t r a i n i n g ,  and r e p e t i t i o n  t r a i n i n g .
F a r t l e k  i s  a Swedish  word which may be f r e e l y  t r a n s l a t e d  a s
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“ speed  p lay- . "  Morehouse and Rasch have w r i t t e n  t h a t  t h i s  t y p e  o f  
t r a i n i n g  a t t e m p t s  t o  p r o v i d e  a p rogram which i s  s i m i l a r  t o  a n a t u r a l  
p a t t e r n  o f  a c t i v i t y .  I t  i s  begun by h a v i n g  t h o s e  p a r t i c i p a t i n g  
engage  in e a s y  c r o s s  c o u n t r y  r u n n i n g .  A f t e r  t h e  r u n n e r s  have become 
acc us t omed  t o  e a s y  c r o s s  c o u n t r y  r u n n i n g ,  un t i med  v a r i a t i o n s  o f  pace  
a r e  i n t r o d u c e d  i n t o  t h e  p rogram.  These  v a r i a t i o n s  r a n ge  from s h o r t ,  
s h a r p ,  s p r i n t s  t o  s u s t a i n e d  e f f o r t s  o v e r  l o n g e r  d i s t a n c e s .  The d a i l y  
t r a i n i n g  p rogram i s  p l a n n e d  o v e r  a g i v e n  p e r i o d  o f  t i me  r a t h e r  t h a n  a 
gi  ven d i s t a n c e .
The a s s u m p t i o n s  u n d e r l y i n g  c i r c u i t  t r a i n i n g ,  as  d e s c r i b e d  by
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Rasch ,  a r e  t h a t  g e n e r a l  f i t n e s s  i s  d e t e r m i n e d  by t h e  f o l l o w i n g  
q u a l i t i e s :  m u s c u l a r  s t r e n g t h ,  o r  t h e  a b i l i t y  t o  e x e r t  f o r c e  a g a i n s t  
r e s i s t a n c e ,  m u s c u l a r  e n d u r a n c e ,  o r  t h e  a b i l i t y  t o  c o n t i n u e  m u s c u l a r  
work a t  a sub-maximal  l e v e l  t h a t  makes r e l a t i v e l y  s ma l l  demands on 
t h e  c a r d i o - v a s c u l a r  s y s t e m ,  g e n e r a l  e n d u r a n c e ,  o r  t h e  a b i l i t y  t o  
c o n t i n u e  p e r f o r m a n c e  t h a t  p l a c e s  r e l a t i v e l y  l a r g e  demands on t h e  
c a r d i o - v a s c u l a r  s y s t em,  and m u s c u l a r  power .  I t  i s  f u r t h e r  assumed 
t h a t  t h e r e  must  be a p r o g r e s s i v e l y  i n c r e a s e d  l o a d i n g  o f  t h e
Lawrence E. Morehouse and P h i l i p  J .  Rasch ,  S p o r t s  M e d i c i ne  f o r  
Tr a i  n e r s  ( P h i l a d e l p h i a :  W. B. S a u nd e r s  Company,  1963) ,  p .  115.
5
Rasch,  o£ .  ci  t . , p .  185.
c a r d i o - v a s c u l a r  sy s t em o v e r  long p e r i o d s  i f  g en e r a l  e n d u r a n c e  i s  t o  be 
d e v e l o p e d .  C i r c u i t  t r a i n i n g  u s u a l l y  c o n s i s t s  o f  p r o g r e s s i n g  from one 
e x e r c i s e  s t a t i o n  t o  a n o t h e r  w i t h  each  s t a t i o n  c o n t a i n i n g  e x e r c i s e s  
which a r e  d e s i g n e d  t o  d e v e l o p  c e r t a i n  a r e a s  o f  g e n e r a l  f i t n e s s .  The 
p e r s o n  moves f rom s t a t i o n  t o  s t a t i o n  u n t i l  a c o m p l e t e  " c i r c u i t "  i s  
made .
£
Smodlaka p o i n t e d  o u t  t h a t  t h e  p r i n c i p l e  u n d e r l y i n g  i n t e r v a l  
t r a i n i n g  i s  t h a t  t h e r e  a r e  many s h o r t  p e r i o d s  o f  work and  r e s t .  Each 
p e r i o d  o f  work i s  f o l l o w e d  by r e s t  t o  e n a b l e  t h e  h e a r t  and body t o  
r e c u p e r a t e .
Morehouse and Rasch^ d e s c r i b e d  i n t e r v a l  t r a i n i n g  in p r a c t i c e  a s  
a s e r i e s  o f  d i s t a n c e s  t o  be run on a p r e v i o u s l y  p l a n n ed  s c h e d u l e .  A 
f a s t  l a p  i s  f o l l o w e d  by a s l o w e r ,  o r  i n t e r v a l ,  l a p  t o  p e r m i t  r e c o v e r y  
b e f o r e  a s u b s e q u e n t  f a s t  l a p .  In t h e  b e g i n n i n g  o f  t r a i n i n g  t h e  
r e c o v e r y  l a p  may be t h r e e  t i me s  l o n g e r  t h a n  t h e  f a s t  l a p .  As t r a i n i n g  
p r o g r e s s e s ,  t h e  r e c o v e r y  t i me  i s  s h o r t e n e d .
g
Rasch d e s c r i b e d  r e p e t i t i o n  t r a i n i n g  as  c o n s i s t i n g  o f  r unning  
a g i v e n  d i s t a n c e  a c e r t a i n  number o f  t i me s ,  a t  a g i v e n  s peed  w i t h  a 
c o mp l e t e  r e s t  between r u n s .  He s t r e s s e d  t h a t  t he  r e s t  must  be 
long  enough t o  p e r m i t  t h e  p a r t i c i p a n t  t o  r e c o v e r  s u f f i c i e n t l y  in o r d e r
£
V o j i n  Smodlaka,  " I n t e r v a l  T r a i n i n g  in  H e a r t  Pi s e a s e , "  The 
J o u r n a l  o f  S p o r t s  Medi ci  ne and Phys i ca i  Fi t n e s s , 11 I ( J u n e - S e p t . ,  
1 963 ) ,  93 -100 .
*7
/ Morehouse and Rasch ,  0£ .  c i  t . , p .  115.
0
Rasch ,  0£ .  c i  t . , p .  185.
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t o  make t h e  n e x t  s e t  o f  r e p e t i t i o n s  a t  t h e  p r e d e t e r m i n e d  s p e e d .  S c o t t  
9and C r o f t s  s t a t e d  t h a t  r e p e t i t i o n  t r a i n i n g  i s  s l i g h t l y  more demanding 
t h a n  i n t e r v a l  t r a i n i n g  and i s  mos t  h e l p f u l  in d e v e l o p i n g  speed and 
e n d u r a n c e .
I I .  STUDIES PERTAINING TO THE EFFECTS OF TRAINING ON 
CARDIO-VASCULAR FITNESS, STRENGTH, AND ENDURANCE
D ur i ng  r e c e n t  y e a r s  t h e r e  has  been c o n s i d e r a b l e  i n t e r e s t  shown 
in i s o m e t r i c  e x e r c i s e  a s  a means o f  p h y s i c a l  deve l op me n t  by t h o s e  in 
p h y s i c a l  e d u c a t i o n ,  a t h l e t i c s ,  and t h e  medica l  p r o f e s s i o n .  Numerous 
r e s e a r c h  s t u d i e s  have  i n d i c a t e d  t h a t  i s o m e t r i c s  w i l l  d e v e l o p  s t r e n g t h  
and more r e c e n t l y  i t  has  been found t h a t  c a r d i o - v a s c u l a r  f i t n e s s  i s  
a l s o  improved .  T h i s  r ev i e w o f  l i t e r a t u r e  d i d  n o t  a t t e m p t  t o  c o v e r  
t h e  m a t e r i a l  a v a i l a b l e  on i s o m e t r i c  r e s e a r c h  in g r e a t  d e t a i l  b u t  
r a t h e r  t o  r ev i e w  s t u d i e s  r e l a t i n g  c l o s e l y  t o  t h i s  s t u d y .  For  a more 
c o m p l e t e  r ev i e w  o f  t h e  p r o g r e s s  in t h e  f i e l d  o f  i s o m e t r i c s  t h e  r e a d e r  
i s  r e f e r r e d  t o  " I s o m e t r i c  E x e r c i s e s , "  by P h i l i p  J .  R a s c h . ^
Al t h o u g h  i t  has  been known f o r  some t i me  t h a t  i s o m e t r i c  
c o n t r a c t i o n s  p ro d u c e  an i n c r e a s e  in s t r e n g t h ,  i t  r emained  f o r
g
Phebe  M. S c o t t  and V i r g i n i a  R. C r o f t s ,  T r a c k  and F i e l d  f o r  
G i r l s  and Women (New York:  A p p l e t o n - C e n t u r y - C r o f t s ,  1964) ,
^ P h i l i p  J .  Rasch ,  " I s o m e t r i c  E x e r c i s e s , "  I n t e r n a t i o n a l  Resea rc h  
in S p o r t  and P h y s i c a l  E d u c a t i o n , E d i t e d  by E. J ok l  and E. Simon,  
( S p r i n g f i e l d ,  Ma s s . :  C h a r l e s  C. Thomas Company, 1964) ,  pp .  415 - 428 .
H e t t i n g e r  and M u l l e r ^  t o  r e - op e n  t h i s  app r oac h  t o  t r a i n i n g .  In t h e i r  
r e s e a r c h  t h e y  found t h a t  a s i n g l e  t w o - t h i r d s  maximum i s o m e t r i c  e f f o r t  
f o r  s i x  s econds  a day r e s u l t e d  in a weekly  ga i n  o f  5 per  c e n t  of  t h e  
i n i t i a l  s t r e n g t h ,  a l t h o u g h  i n c r e a s e s  in f r e q u e n c y ,  d u r a t i o n ,  o r
amount  o f  e f f o r t  d i d  n o t  r e s u l t  i n  f a s t e r  o r  g r e a t e r  improvement .
12However,  a s u bs e qu e n t  s t u d y  by M u l l e r  and Rohmert  i n d i c a t e d ,  s e r i o u s  
e r r o r s  in t h e  o r i g i n a l  work of  H e t t i n g e r  and M u l l e r .  T h e i r  work 
r e v e a l e d  t h a t  t h e  r a t e  o f  s t r e n g t h  g a i n  a p p r o x i m a t e l y  doub l e d  when 
maximal c o n t r a c t i o n  s t r e n g t h  can be r eached  by i n c r e a s i n g  t h e  number 
o f  c o n t r a c t i o n s .
The e f f e c t s  o f  s h o r t  b o u t s  o f  i s o m e t r i c  and i s o t o n i c  c o n t r a c t i o n s
13on m u s cu l a r  s t r e n g t h  and e n d u r a n c e  was s t u d i e d  by W a l t e r s ,  e t  a l .  in 
an e x p e r i m e n t  u t i l i z i n g  f i f t e e n  s u b j e c t s .  The s u b j e c t s  we re  d i v i d e d  
i n t o  t h r e e  g ro u p s ,  u s i n g  f u l l  i s o m e t r i c  s t r e n g t h ,  t w o - t h i r d s  i s o m e t r i c  
s t r e n g t h ,  and t h e  l a s t  group u s i n g  o n e - t h i r d  i s o t o n i c  s t r e n g t h  as 
r a p i d l y  as  p o s s i b l e .  The t r a i n i n g  p e r i o d  was c o n f i n e d  t o  t h r e e  15- second
'^Thomas H e t t i n g e r  and E. A. M u l l e r ,  " M u s k e l l e i s t r u n g  and Muskel -  
t r a i n i n g , "  A r b e i t s p h y s i o l o g i e ,  XV ( 1953 ) ,  111-126.  Quoted in I n t e r ­
n a t i o n a  1 Res ea rch  in S p o r t  and P h y s i c a l  E d u c a t i o n . Ed i t ed  by E. Jokl  
and E. Simon,  ( S p r i n g f i e l d :  C h a r l e s  C. Thomas Company, 196*0,  P* 415.
12 E. A. Mu l l e r  and W. Rohmer t ,  “ Die G e s c h w i n d i g k e i t  d e r  
M u s k e l k r a f t  Zunahme bei  I s o m e t r i s c h e n  T r a i n i n g , "  I n t . Z. Agnew Phys i o l . 
e i n s c h l  A r b e i t s p h y s i o l o q i e , 19:*+03-19,  1964.  C i t e d  in d e V r i e s ,  H e r b e r t ,  
P h y s i o l o g y  o f  E x e r c i s e  (Dubuque:  Wi l l i am C. Brown, 1966) ,  p.  308.
13C. E. W a l t e r s ,  C. L. S t e w a r t ,  and J .  F. L e C l a i r e ,  “ E f f e c t  o f  
S h o r t  Bouts  o f  I s o m e t r i c  and I s o t o n i c  C o n t r a c t i o n s  in Muscula r  S t r e n g t h  
and E n d ur a n c e , "  Amer ican J o u r n a l  o f  P h y s i c a l  Med i c i ne ,  XXXIX (Augus t ,  
I 960) ,  131-141.
p e r i o d s  f o r  e i g h t  d a y s .  The e x p e r i m e n t e r  found t h a t  f u l l  i s o m e t r i c  
c o n t r a c t i o n  was t h e  more e f f e c t i v e  o f  t h e  t h r e e  methods  us ed .  The 
group u s i n g  t w o - t h i r d s  i s o m e t r i c  c o n t r a c t i o n  made a bou t  t h e  same 
g a i n s  a s  t h e  i s o t o n i c  g r oup .  Endurance  a s  measured  by t h e  maximum 
number o f  i s o t o n i c  r e p e t i t i o n s  p o s s i b l e  was i mpr oved ' In '  a 11 g r o u p s ,  
bu t  most  marked ly  in t h e  f u l l  i s o m e t r i c  g roup .  The improvement  shown 
In a l l  g roups  was n o t  o n l y  r e t a i n e d  when r e t e s t e d  a t  t h r e e  and e i g h t
weeks a f t e r  t r a i n i n g  had c e a s e d  b u t  had i n c r e a s e d  f u r t h e r .
1^Howell  and o t h e r s  compared t h e  e f f e c t i v e n e s s  o f  an i s o m e t r i c  
e x e r c i s e  program and a r e g u l a r  i s o t o n i c  e x e r c i s e  program o f  w e i g h t  
l i f t i n g  upon m u s c u l a r  e n d u r an c e  as  measured  by two mi n u te s  o f  " a l l  o u t "  
work on a b i c y c l e  e r g o m e t e r .  At t h e  c o n c l u s i o n  o f  t h e  e x p e r i m e n t  t h e  
w r i t e r s  found t h a t  b o t h  g roups  made s i g n i f i c a n t  g a i n s  in m u s cu l a r  
e n d u r a n c e .  However,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  
means o f  t h e  two e x p e r i m e n t a l  g r ou p s .  The w r i t e r s ,  t h e r e f o r e ,  
h y p o t h e s i z e d  t h a t  i n c r e a s e s  in mu s c u l a r  e n du ra n c e  may be a f f e c t e d  
by c e r t a i n  programs o f  i s o m e t r i c  c o n t r a c t i o n  as  we l l  as  by i s o t o n i c  
e x e r c  i s e s .
T h i r t y - o n e  s u b j e c t s  d i v i d e d  i n t o  two g r ou p s  were  u t i l i z e d  by 
15Mar ley t o  compare t h e  g a i n s  in s t r e n g t h  and~enduranee  r e s u l t i n g  f rom
14Maxwell Howel l ,  Ray Kimoto and W. R. Mor ford ,  " E f f e c t s  o f  
I s o m e t r i c  and I s o t o n i c  E x e r c i s e  Programs upon Muscu la r  E n d ur an c e , "
Resea rch  Q u a r t e r l y , XXXIII (December,  1962) ,  536 - 5^0 .
^ W i l l i a m  P. Mar l ey ,  "The Compa ra t i ve  E f f e c t i v e n e s s  o f  I s o m e t r i c  
E x e r c i s e  and I s o t o n i c  E x e r c i s e  in t h e  Development  o f  Muscu la r  S t r e n g t h ,  
Endurance  and G i r t h "  ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  U n i v e r s i t y  o f  Maryland,
1962) ,  p.  7 0 .
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i s o m e t r i c  and i s o t o n i c  t r a i n i n g  p r o g r am s .  He c o n c l u d ed  t h a t  t h e r e  i s  
l i t t l e  d i f f e r e n c e  in t h e  e f f e c t i v e n e s s  of  e i t h e r  p rogram in t h e  
d e v e l o p me n t  o f  s t r e n g t h .  Endurance  was found t o  be more  s p e c i f i c  in 
t h a t  e ac h  t y p e  o f  t r a i n i n g  was more e f f e c t i v e  in p r o d u c i n g  t h a t  t y p e
o f  e n d u r a n c e ,  i . e . ,  i s o t o n i c  t r a i n i n g  p roduced  i s o t o n i c  e n d u r a n c e .
16A l o s t  s t u d i e d  t h e  e f f e c t  o f  i n i t i a l  c a r d i o - v a s c u l a r  c o n d i t i o n ,  
t y p e  o f  t r a i n i n g  p r ogr am,  and f r e q u e n c y  o f  t r a i n i n g  upon t h e  g a i n  in 
t h e  Harvard  S t e p  T e s t  s c o r e s  o f  c o l l e g e  men. The e x p e r i m e n t e r  a l s o  
made an e f f o r t  t o  d e t e r m i n e  t h e  e f f e c t s  o f  t h e  v a r i o u s  t r a i n i n g  
p r og r ams  upon p r o f i c i e n c y  in t h e  a c t i v i t y  engaged in d u r i n g  t h e  s t u d y .  
Two hundred  f o r t y  s t u d e n t s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  s e r v e d  as 
s u b j e c t s  f o r  t h i s  s t u d y  and were  d i v i d e d  i n t o  t h r e e  g r o u p s .  One 
g r oup  p e r f o r me d  i s o m e t r i c  e x e r c i s e s  and t h e  o t h e r  two g r oups  p a r t i c i ­
p a t e d  in a p rogram o f  r u n n i n g .  The s u b j e c t s  were  t e s t e d  p r i o r  t o  and 
i m me d i a t e l y  a f t e r  t h e  t r a i n i n g  p e r i o d .  The r e s u l t s  i n d i c a t e d  t h a t  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be t ween t h e  e f f e c t i v e n e s s  o f  an 
i s o m e t r i c  p rogram and a r u n n i n g  program in t h e  d e v e l op me n t  o f  c a r d i o ­
v a s c u l a r  f i t n e s s  a s  measured  in t h i s  s t u d y .  I n d i v i d u a l s  o f  low 
c a r d i o - v a s c u l a r  f i t n e s s  t e n d ed  t o  g a i n  more r a p i d l y  t h a n  t h o s e  more 
f i t ;  however ,  t h o s e  be low p a r  s t u d e n t s  were  n o t  a b l e  t o  r e a c h  t h e  l e v e l  
o f  t h e  above  a v e r a g e  g r ou p .  Improvement  in c a r d i o - v a s c u l a r  c o n d i t i o n  
was in p r o p o r t i o n  t o  t h e  f r e q u e n c y  o f  p r a c t i c e .
16R o b e r t  A. A l o s t ,  " E f f e c t s  o f  I n i t i a l  C a r d i o - V a s c u 1a r  C o n d i t i o n ,  
Type o f  T r a i n i n g  Program,  and F r eq ue n c y  o f  P r a c t i c e  upon C a r d i o - V a s c u 1a r  
De v e l o p me n t , 11 P r oceed  i ngs  o f  t h e  N a t i o n a l  Phys i  ca l  Educa t  i on Assoc  i a t  ion 
f o r  Men, ( 1 96 4 ) ,  p.  29 .
W a l l a c e ^  a s s i g n e d  t h i r t y - t h r e e  c o l l e g e  women t o  t h r e e  g r o u p s — 
an i s o t o n i c  e x e r c i s e  g roup ,  an i s o m e t r i c  e x e r c i s e  g roup ,  and a c o n t r o l  
g roup .  R e t e s t i n g  a f t e r  f o u r  weeks o f  t r a i n i n g  showed no s i g n i f i c a n t  
d i f f e r e n c e  in elbow f l e x i o n  s t r e n g t h .  However,  t h e  i s o t o n i c  e x e r c i s e  
group showed i n c r e a s e d  e n d u r a n c e  s i g n i f i c a n t  a t  t h e  .01 l e v e l ,  t he  
i s o m e t r i c  group showed i n c r e a s e d  e n d u r a n c e  s i g n i f i c a n t  a t  t h e  .05
l e v e l ,  and t h e  c o n t r o l  group showed no change .
18Mi l t on  s t u d i e d  t h e  e f f e c t i v e n e s s  o f  t h r e e  t r a i n i n g  programs  
of  d i s t a n c e  r unn i ng  and a program o f  i s o m e t r i c  e x e r c i s e s  upon t h e  
deve l opment  o f  c a r d i o - v a s c u 1a r  e f f i c i e n c y  o f  469 c o l l e g e  men. The 
t h r e e  runn i ng  g roups  ran  f o r  t e n  m i n u t e s ,  t wen t y  m i n u t e s ,  and t h i r t y  
m i n u t e s ,  f o u r  t i m e s  a week f o r  a p e r i o d  of  s even  weeks .  A f o u r t h  
group engaged in i s o m e t r i c  e x e r c i s e s  f o r  t h i r t y  m i n u t e s .  The r e s u l t s  
of  t h e  s t u d y  l ed  t h e  i n v e s t i g a t o r  t o  c o n c l u d e  t h a t  a l l  f o u r  t r a i n i n g  
p rograms  r e s u l t e d  in s i g n i f i c a n t  improvement  o f  c a r d i o - v a s c u l a r  
e f f i c i e n c y .  G e n e r a l l y ,  d i s t a n c e  r unn i ng  was found t o  be more e f f e c t ­
ive  in b r i n g i n g  a bou t  improvement  in c a r d i o - v a s c u l a r  e f f i c i e n c y  than  
i s o m e t r i c  e x e r c i s e .
^ J o s e p h  Wal l a c e ,  "The Development  o f  Muscu la r  S t r e n g t h  and 
Muscu l a r  Endurance Through I s o t o n i c  and I s o m e t r i c  E x e r c i s e , "  New 
Zea land  J o u r n a l  o f  P h y s i c a l  E d u c a t i o n , 1 4 : 33 - 39 ,  A p r i l ,  1958.  C i t ed  
in I n t e r n a t i o n a l  Resea r ch  in S p o r t  and Phys i c a l  E d u c a t i o n . Ed i t e d  by
E. J ok l  and E. Simon ( S p r i n g f i e l d :  C h a r l e s  C. Thomas,  1964) ,  p.  417.
1 g
George C. M i l t o n ,  "The E f f e c t s  o f  Three  Programs o f  Long 
D i s t a n c e  Running and an I s o m e t r i c  E x e r c i s e  Program on t h e  Development  
o f  C a r d i o - v a s c u l a r  E f f i c i e n c y "  ( u n p u b l i s h e d  Doc t o r a l  d i s s e r t a t i o n ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  Baton Rouge,  1966) .
1 9Freeman a t t e m p t e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t r a i n i n g  a l t e r e d  
t h e  methods  o f  oxygen t r a n s p o r t  d u r i n g  mi ld t o  m o d e r a t e l y  s e v e r e  
e x e r c i s e .  T h i s  s t u d y  u t i l i z e d  c a r d i a c  c a t h e t e r i z a t i o n ,  v a r i o u s  
r e s p i r a t o r y  f u n c t i o n  t e s t s ,  and ( f o r  one s u b j e c t )  a v i g o r o u s  s t e p - t e s t  
e x e r c i s e ,  t o  i n v e s t i g a t e  t h e  c a r d i a c - r e s p i r a t o r y  e f f e c t s  o f  t r a i n i n g  on 
a t h l e t e s .  The o b s e r v a t i o n s  in t h e  s t u d y  were  made on t h r e e  d i s t a n c e  
r u n n e r s .  No d i f f e r e n c e s  a t t r i b u t a b l e  t o  t r a i n i n g  were  seen  in t h e  way 
a t r a i n e d  o r  u n t r a i n e d  a t h l e t e  mee t s  t h e  t i s s u e  demands f o r  an 
i n c r e a s e d  s up p l y  o f  oxygen d u r i n g  e x e r c i s e  up t o  l e v e l s  r e q u i r i n g  a bou t
two l i t e r s  o f  oxygen i n t a k e  p e r  mi nu t e .
20Kirby  t e s t e d  one hundred f o r t y  c o l l e g e  men on c a r d i o - v a s c u l a r  
e f f i c i e n c y  and s e v e r a l  p h y s i c a l  f i t n e s s  i t e m s ,  t he n  d i v i d e d  t he  
s u b j e c t s  i n t o  f i v e  e x p e r i m e n t a l  g r o up s .  Al l  s u b j e c t s  were  p a r t i c i p a t i n g  
in p h y s i c a l  e d u c a t i o n  a c t i v i t i e s  in a d d i t i o n  t o  p e r f o r m i n g  t h e i r  
a s s i g n e d  e x e r c i s e  p rogram.  One group engaged in o n l y  one i s o m e t r i c  
e x e r c i s e ;  t h e  n e x t  group pe r formed  t h e  i s o m e t r i c  e x e r c i s e  and ran in 
p l a c e ;  t h e  t h i r d  group pe r fo rme d  t h e s e  two e x e r c i s e s  and a j umping  
e x e r c i s e ;  t h e  f o u r t h  group p r a c t i c e d  t h e  a f o r e m e n t i o n e d  e x e r c i s e s  and 
p us h - u p s ;  and t h e  f i f t h  group engaged in c a l i s t h e n i c s  t h e  e n t i r e  p e r i o d .
19M. E. Freeman and o t h e r s ,  “ E f f e c t s  o f  T r a i n i n g  on Response  of  
C a r d i a c  Outpu t  t o  Muscular  E x e r c i s e  in A t h l e t e s , "  J o u r n a l  o f  App l i e d  
P h y s i o l o g y , VIII  ( J u l y ,  1955) ,  3 7 - ^7 .
20 Ronald F.  K i r by ,  "The E f f e c t s  o f  Va r io us  E x e r c i s e  Programs 
I n v o l v i n g  D i f f e r e n t  Amounts o f  E x e r c i s e  on t h e  Development  o f  C e r t a i n  
Components o f  P h y s i c a l  F i t n e s s "  ( u n p u b l i s h e d  D oc t o r a l  d i s s e r t a t i o n ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  Baton Rouge,  1966) .
The f i n d i n g s  i n d i c a t e d  t h a t  on t h e  t o t a l  f i t n e s s  b a t t e r y ,  t h e  
s u b j e c t s  d o i n g  t h e  l e a s t  number o f  s u p p l e m e n t a r y  e x e r c i s e s  made t h e  
mos t  improvement .  i t  was t hu s  h y p o t h e s i z e d  t h a t  i t  was i n t e n s i t y  o f  
e f f o r t  r a t h e r  t h a n  t i me  s p e n t  e x e r c i s i n g ,  o r  t h e  number o f  r e p e t i t i o n s  
o r  number o f  e x e r c i s e s  t h a t  was t h e  i m p o r t a n t  f a c t o r  in c o n d i t i o n i n g .
Four  s p e c i f i c  programs  o f  I n t e r v a l  r un n i n g  were  s t u d i e d  by
21Mole t o  o b s e r v e  t h e i r  i n f l u e n c e  on a e r o b i c  m e t a b o l i c  f u n c t i o n  and
e n d u r a n c e  p e r f o r m a n c e  upon f o u r  young ma l e  u n i v e r s i t y  s t u d e n t s .  The
t r a i n i n g  programs  were  e v a l u a t e d  in t e rms  o f  oxygen d e b t ,  r a t e  o f  
oxygen d e b t ,  and oxygen r e q u i r e m e n t s  a s  w e l l  a s  e n d u r a n c e  p e r f o r m a n c e .  
The w r i t e r  c o n c l u d e d  t h a t ;
1. P h y s i o l o g i c a l  a d a p t a t i o n s  t o  t h e  t r a i n i n g ,  as  r e f l e c t e d
in peak  oxygen i n t a k e ,  o c c u r r e d  more r e a d i l y  in programs  
e m p h a s i z i n g  r e p e t i t i o n  o f  a s e t  s c h e d u l e  t h a n  in t h o s e  
p rograms  a l t e r n a t i n g  t e s t  t i me  and pa c e  f a c t o r s .
2 .  Endurance  p e r f o r m a n c e  a p p e a r e d  t o  be d e p e n d e n t  upon o t h e r
v a r i a b l e s  as  we l l  a s  a e r o b i c  m e t a b o l i c  f u n c t i o n  s i n c e  
improvement  in p e r f o r m a n c e  o c c u r r e d  w i t h  and w i t h o u t  
improvement  i n  peak  oxygen i n t a k e .
3.  T h e r e  may be a r e l a t i o n s h i p  be t ween  c i r c u l a t o r y  and
r e s p i r a t o r y  a d a p t a t i o n s  and t o t a l  work o u t p u t  d u r i n g  a 
s e s s i o n  o f  i n t e r v a l  r un n i n g .
21 Paul  Ange lo  Mole,  "The I n f l u e n c e  o f  I n t e r v a l  Running on t h e  
A e r o b i c  Me t a bo l i s m and Endurance  P e r f o r ma n c e  o f  Four  Young Men" (unpub­
l i s h e d  M a s t e r l s t h e s i s ,  U n i v e r s i t y  o f  I l l i n o i s ,  Urbana ,  i 9 6 0 .
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22T a y i o r  u t i l i z e d  s i x t y - t h r e e  s u b j e c t s  in a s t u d y  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  a c i r c u i t  t r a i n i n g  program and a c a l i s t h e n i c s  program 
on c a r d i o - v a s c u l a r  f i t n e s s  and m u s c u l a r  s t r e n g t h .  Both e x p e r i m e n t a l  
g r oups  showed g a i n s  in p e r f o r m a n c e  t h a t  we r e  s i g n i f i c a n t  a t  t h e  .01 
l e v e l  f o r  c a r d i o - v a s c u l a r  f i t n e s s  and m u s c u l a r  s t r e n g t h .  The w r i t e r  
c o n c l u d e d  t h a t  bo t h  methods  were  e q u a l l y  e f f e c t i v e  i n  p r o d u c i n g
improvement  in t h e  c a r d i o - v a s c u l a r  and m u s c u l a r  s t a t u s  o f  b u s i n e s s me n .
23F i f t e e n  s u b j e c t s  p a r t i c i p a t e d  in a s t u d y  u n d e r t a k e n  by Z e i g l e r  
t o  d e t e r m i n e  t h e  opt imum f r e q u e n c y  o f  maximum e f f o r t  e x e r c i s e s  f o r  t h e  
de v e l o p m e n t  o f  e n d u r a n c e .  Th r ee  g r oups  e x e r c i s e d  o n c e  a week,  t w i c e  
a week,  and t h r e e  t i me s  a week,  f o r  a t o t a l  o f  e i g h t e e n  weeks .  The 
w r i t e r  c o n c l u d e d  t h a t  even t hough  a l l  g r oups  made s i g n i f i c a n t  i n c r e a s e s  
in e n d u r a n c e ,  t h e  g r e a t e s t  g a i n  was made by t h e  group  e x e r c i s i n g  
t w i c e  a week.
In a s t u d y  i n v e s t i g a t i n g  e f f e c t s  o f  hand g r i p  s t r e n g t h  and
2ke n d u r a n c e  improvement  on b l ood  f l o w ,  Vande r f og  and o t h e r s  found  t h a t  
t h o s e  s u b j e c t s  p a r t i c i p a t i n g  in t h e  s t r e n g t h  t r a i n i n g  p rogram made 
s i g n i f i c a n t  g a i n s  in s t r e n g t h  b u t  n o t  in e n d u r a n c e ,  w h i l e  t h o s e
22 Bruce  Malcolm T a y l o r ,  “ The E f f e c t s  o f  C e r t a i n  F i t n e s s  Programs 
upon t h e  C a r d i o - V a s c u l a r  and Mus c u l a r  S t a t u s  o f  Bus i nes s men"  (unpub­
l i s h e d  M a s t e r ' s  t h e s i s ,  U n i v e r s i t y  o f  B r i t i s h  Columbia ,  1961) .
23
Ro b e r t  G. Z e i g l e r ,  “ The F r eq u e n c y  o f  Maximum E f f o r t  Most 
F a v o r a b l e  f o r  t h e  Development  o f  Endurance  in C o l l e g e  S t u d e n t s "  
( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  P e n n s y l v a n i a  S t a t e  U n i v e r s i t y ,  I 9 60 ) .
Zk E l l e n  R. Vander fog  and o t h e r s ,  “ E f f e c t s  o f  Musc l e  S t r e n g t h  
and Endurance  on Blood F l o w , "  J o u r n a l  o f  App1 ied P h y s i o l o g y , XVI 
( S e p t e m b e r ,  1961) ,  873 .
s u b j e c t s  who t r a i n e d  f o r  e n d u r a n c e  improved in b o t h  e n d u r a n c e  and 
s t r e n g t h .
25
S c a n n e l l  c o n d u c t e d  a s t u d y  t o  show how s u c c e s s f u l l y  a new 
k ind  o f  e n d u r a n c e  c o u l d  be m a i n t a i n e d  by means o f  " a l l  o u t "  w o r k o u t s  
once  e v e r y  week and once  e v e r y  two weeks .  F o r t y - n i n e  s u b j e c t s  
t r a i n e d  f o r  t w e l v e  t r a i n i n g  p e r i o d s  s pa c e d  o v e r  a p e r i o d  o f  f i v e  
weeks .  The s u b j e c t s  we re  t e s t e d  p r i o r  t o  and i mme d i a t e l y  f o l l o w i n g  
t h e  t r a i n i n g  p e r i o d .  A l l  t r a i n i n g  work was done  on t h e  b i c y c l e  
which was s e t  w i t h  a c o n s t a n t  t e n s i o n  o f  t h i r t y - e i g h t  pounds  on t h e  
b r a k e  b e l t .  The e x e r c i s e  was p e r fo r me d  a t  t h e  r a t e  o f  160 peda l  
s t r o k e s  p e r  m i nu t e  in c a d e n c e  w i t h  a met ronome.  A f t e r  t h e  i n i t i a l  
t e s t i n g  and t r a i n i n g ,  one g roup  o f  s u b j e c t s  e x e r c i s e d  on t h e  b i c y c l e  
once  e v e r y  week,  one  g roup  e x e r c i s e d  e v e r y  two weeks ,  and t h e  t h i r d  
group  a c t e d  as  a c o n t r o l  g r ou p .
The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  i t  was p o s s i b l e  t o  
make l a r g e  g a i n s  in e n d u r a n c e  t h r o u g h  a r e l a t i v e l y  s ma l l  number o f  
" a l l  o u t "  b o u t s  o f  e x e r c i s e .  A l s o ,  t h e  r e s u l t s  o f  t h e  f i n a l  t e s t s  
g iv e n  a f t e r  t h e  l a s t  t e n  week p e r i o d ,  showed t h a t  t h e r e  was a 
t e n d e n c y  f o r  t h o s e  s u b j e c t s  who made t h e  g r e a t e s t  g a i n s  in t h e  
t r a i n i n g  p e r i o d  t o  r e t a i n  t h e  s m a l l e s t  p e r c e n t a g e  o f  t h e  g a i n s .
A f t e r  c o n d u c t i n g  r e p e a t e d  t e s t s  f o r  p h y s i c a l  e f f i c i e n c y  o f
25
Robe r t  James S c a n n e l l ,  " S e l e c t e d  F a c t o r s  Concerned  w i t h  t h e  
Ma i n t e n an ce  o f  Enduranc e"  ( m i c r o c a r d e d  M a s t e r ' s  t h e s i s ,  P e n n s y l v a n i a  
S t a t e  U n i v e r s i t y ,  1959) .
seven  men d u r i n g  a t w e l v e  week p e r i o d ,  Cogswel l  and o t h e r s  made t h e
f o l l o w i n g  o b s e r v a t i o n s  in r e l a t i o n  t o  t h e  d a t a  o b t a i n e d  f rom t he
Harvard  S t e p  T e s t ,  t h e  t r e a d m l 11 s e t  a t  a t e n  d e g r e e  g r a d e  and a speed  
o f  s i x  m i l e s  p e r  h o u r ,  and t h e  b i c y c l e  e r g o m e t e r  a d j u s t e d  t o  i n d i v i d u a l  
c a p a c i  t y :
1. In sub-maximal  e x e r c i s e ,  p o s t - e x e r c i s e  p u l s e  r a t e s  showed a
d e c r e a s e  w i t h  t r a i n i n g ,  w h e r e a s  maximal  t e s t s  f a i l e d  t o  
p r o d u c e  a s i m i l a r  r e s p o n s e .
2 .  S y s t o l i c  b lood  p r e s s u r e ,  a t  r e s t  and a f t e r  e x e r c i s e ,  t e nde d
t o  d e c r e a s e  w i t h  t r a i n i n g  on t h e  s t e p  t e s t .
3.  Men h a v i n g  h i g h e r  t h a n  a v e r a g e  r e s t i n g  p u l s e  r a t e s  t e nded
t o  have  h i g h e r  t h a n  a v e r a g e  p o s t - e x e r c i s e  r a t e s .
111.  SUMMARY OF RELATED STUDIES
S e c t i o n  I o f  t h i s  c h a p t e r  was c o n c e r n e d  w i t h  l i t e r a t u r e  o f  a
g e n e r a l  n a t u r e  r e l a t i n g  t o  t r a i n i n g  f o r  c a r d i o - v a s c u l a r  f i t n e s s  and
e n d u r a n c e .  The m a j o r i t y  o f  t h i s  m a t e r i a l  i n d i c a t e d  a g e n e r a l  a g r e e me n t
r e l a t i v e  t o  t h e  n a t u r e  of  e n d u r a n c e ,  t h e  c o n t i n u e d  r e p e t i t i o n  of  a
c e r t a i n  e x e r c i s e  and t h e  a b i l i t y  t o  i g n o r e  t h e  r e s u l t a n t  d i s c o m f o r t s
27
f o r  a l ong p e r i o d  o f  t i m e .
26 Rober t  C. Cogswel l  and o t h e r s ,  “ Some O b s e r v a t i o n s  o f  t h e  
E f f e c t s  o f  T r a i n i n g  on P u l s e  R a t e ,  Blood P r e s s u r e ,  and Endurance  in 
Humans,  Using t h e  S t e p  T e s t  ( H a r v a r d ) ,  T r e a d m i l l ,  and E l ec t r o - D y n am i c  
Brake B i c y c l e  E r g o m e t e r , 11 The Amer ican J o u r n a l  o f  P h y s i o l o g y , CXLVI 
( 19^6 ) ,  **29-
27 K ar p o v i c h ,  S t e i n h a u s ,  and Rasch ,  l o c . c i  t .
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28A rev i e w o f  c u r r e n t  t r a i n i n g  methods  by Rasch r e v e a l e d  t h a t  
t h e r e  a r e  f o u r  t y p e s  o f  t r a i n i n g  in  wide u s e  a t  t h e  p r e s e n t  t i me :  
i n t e r v a l  t r a i n i n g ,  r e p e t i t i o n  t r a i n i n g ,  c i r c u i t  t r a i n i n g ,  and f a r t l e k  
t r a  i n i n g .
S e c t i o n  II was c o n ce r n e d  w i t h  s t u d i e s  r e l a t e d  t o  t he  e f f e c t s  
o f  t r a i n i n g  on c a r d i o - v a s c u l a r  f i t n e s s ,  s t r e n g t h ,  and e n d u r a n c e .  In 
one s t u d y  i t  was found t h a t  i n t e r v a l  t r a i n i n g ,  e mphas i z i ng  a s e t  
s c h e d u l e  and r e p e t i t i o n ,  r e s u l t e d  in a s i g n i f i c a n t  g a i n  in c a r d i o -
29v a s c u l a r  f i t n e s s  ove r  programs a l t e r n a t i n g  r e s t  t i me  and p a c e  f a c t o r s .
A n o t h e r  s t u d y  r e v e a l e d  t h a t  a c i r c u i t  t r a i n i n g  program and a program o f
c a l i s t h e n i c s  were  e q u a l l y  e f f e c t i v e  in p r o d u c i n g  an improvement  in
c a r d i o - v a s c u l a r  and mu s cu l a r  s t a t u s  o f  b u s i n e s s m e n . ^  K i r b y ' s ^  r e s u l t s
s u g g e s t e d  t h a t  i n t e n s i t y  o f  a few e x e r c i s e s ,  g i v e n  in  c o n j u n c t i o n  w i t h
r e g u l a r  p h y s i c a l  e d u c a t i o n  a c t i v i t y ,  was more i m p o r t a n t  t han  mere number
o f  e x e r c i s e s  p r e s c r i b e d  in  a t r a i n i n g  program.
There  i s  a v a s t  amount  o f  l i t e r a t u r e  on t h e  e f f e c t s  o f
i s o m e t r i c  e x e r c i s e s .  Th e r e  i s  c o ns en s u s  t h a t  t h e s e  e x e r c i s e s  w i l l
b r i n g  a b o u t  s i g n i f i c a n t  improvement  in s t r e n g t h ,  however  t h e r e  have
been c o n f l i c t i n g  f i n d i n g s  a s  t o  t h e  amount  o f  c o n t r a c t i o n  r e q u i r e d  t o
32p ro d u c e  maximum s t r e n g t h  g a i n s .
28 29  30Rasch ,  1 o c . c i  t . Mole,  1o c . ci  t . T a y l o r ,  1o c . c i  t .
31 Ki r b y , 1 o c . c i  t .
32H e t t i n g e r  and M u l l e r ,  M u l l e r  and Rhomer t ,  W a l t e r s  and o t h e r s ,
1 o c . c i t .
T h r e e  s t u d i e s  in t h i s  s e c t i o n  r e p o r t e d  t h a t  i s o m e t r i c  and 
i s o t o n i c  t r a i n i n g  p r og r ams  p r o du ce d  e q u a l l y  s i g n i f i c a n t  g a i n s  in
33s t r e n g t h .  Th r ee  s t u d i e s  i n d i c a t e d  t h a t  i s o m e t r i c  and i s o t o n i c  t r a i n ­
ing p r og r ams  b o t h  r e s u l t e d  in a s i g n i f i c a n t  i n c r e a s e  in  i s o t o n i c
34
m u s c u l a r  e n d u r a n c e ,  w h i l e  o n e  i n v e s t i g a t o r  c o n c l u d e d  t h a t  e n d u r a n c e
35was s p e c i f i c  t o  t h e  t y p e  o f  t r a i n i n g  empl oyed .
One s t u d y  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e
be t ween  a p rogram o f  i s o m e t r i c  e x e r c i s e s  and a  r u n n i n g  p r og r am in
p r o d u c i n g  c a r d i o - v a s c u l a r  f i t n e s s .  M i l t o n ,  howeve r ,  c o n c l u d e d
t h a t  a p rogram o f  d i s t a n c e  r u n n i n g  was g e n e r a l l y  more e f f e c t i v e  t ha n
i s o m e t r i c  t r a i n i n g  in  p r o d u c i n g  g a i n s  in  c a r d i o - v a s c u l a r  f i t n e s s .  One
s t u d y  r e v e a l e d  t h a t  i n d i v i d u a l s  o f  low c a r d i o - v a s c u l a r  f i t n e s s  t e n d ed
t o  g a i n  more r a p i d l y  in t h i s  v a r i a b l e  t h r o u g h  t r a i n i n g  t h a n  t h o s e
more f i t ,  howeve r ,  t h e y  we r e  n o t  a b l e  t o  r e a c h  t h e  l e v e l  o f  t h e  above  
38a v e r a g e  g r o u p .  A n o t h e r  s t u d y  i n d i c a t e d  t h a t  t h o s e  making  t h e
g r e a t e s t  g a i n s  in m u s c u l a r  e n d u r a n c e  t h r o u g h  t r a i n i n g  t e n d e d  t o  r e t a i n
39t h e  s m a l l e s t  p e r c e n t a g e  o f  t h e s e  g a i n s .
T r a i n i n g  by r e p e a t e d  s t e p  t e s t s  was f o u n d  by one  i n v e s t i g a t o r
t o  have  a l o w e r i n g  e f f e c t  on t h e  s y s t o l i c  b l o o d  p r e s s u r e ,  a s  w e l l  as
40t h e  r e s t i n g  p u l s e  r a t e .  Two s t u d i e s  r e v e a l e d  t h a t  a r e l a t i v e l y  s ma l l  
33 W a l t e r s  and o t h e r s ,  Howell  and o t h e r s ,  M a r l e y ,  l o c . c i t .
3k W a l t e r s  and o t h e r s ,  Howell  and o t h e r s ,  W a l l a c e ,  l o c . c 1t .
^ M a r l e y ,  l o c . c i t . ^ A l o s t ,  l o c . c i  t . ^ M i l t o n ,  l o c . c i  t .
38 39 kOA l o s t ,  l o c . c i t . S c a n n e l l ,  1o c . c i t . C o g s w e l l ,  l o c . c i  t .
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number o f  w o r k o u t s  was n e c e s s a r y  t o  r e a c h  and m a i n t a i n  i n c r e a s e s  in
. 41e n d u r a n c e .
In summary,  t h e r e  i s  g e n e r a l  a g r e e m e n t  t h a t  s p e c i f i c  t r a i n i n g  
by v a r i o u s  methods  such  a s  i n t e r v a l  t r a i n i n g ,  i s o m e t r i c  e x e r c i s e s  and 
r e p e t i t i o n  t r a i n i n g  w i l l  p r o d u c e  g a i n s  i n  c a r d i o - v a s c u l a r  e f f i c i e n c y ,  
m u s c u l a r  s t r e n g t h  and e n d u r a n c e .  However ,  t h e r e  i s  v e r y  l i t t l e  
e v i d e n c e  c o n c e r n i n g  t h e  c o m p a r a t i v e  e f f e c t s  o f  i n t e r v a l  r u n n i n g ,  
r e p e t i t i v e  s t e p p i n g  and i s o m e t r i c  e x e r c i s e s  when added as  s h o r t  b o u t s  
o f  e x e r c i s e  t o  a r e g u l a r  t r a i n i n g  p r og r am.
Z e i g l e r ,  S c a n n e l l ,  1o c . ci  t .
CHAPTER I I I
PROCEDURES OF THE STUDY 
I . OVERVIEW OF THE STUDY
P r i o r  t o  t h e  i n i t i a l  t e s t i n g  o f  t h e  v a r i a b l e s  i n vo l v e d  in 
t h i s  s t u d y  a p e r i o d  o f  one  week,  o r  t h r e e  c l a s s  p e r i o d s ,  was u t i l i z e d  
t o  f a m i l i a r i z e  t h e  s u b j e c t s  w i t h  t h e  p u r p o s e  o f  t h e  s t u d y  and f o r  
p r e - t e s t  t r a i n i n g .  Dur ing  t h e  second  week o f  t h e  e x p e r i m e n t  a l l  
s u b j e c t s  were  measured  f o r  c a r d i o - v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h ,  
and m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s .
The s u b j e c t s  were  t h e n  a s s i g n e d  t o  f o u r  g r oups  a s  f o l l o w s :  
one  g roup  p a r t i c i p a t e d  in a f i v e - m i n u t e  i n t e r v a l  r u nn i n g  p rogram;  
one  g roup  pe r f o r me d  a s t e p p i n g  e x e r c i s e  f o r  two and o n e - h a l f  m i n u t e s ;  
a t h i r d  g roup  engaged  in a program o f  i s o m e t r i c  e x e r c i s e s ;  and t he  
f o u r t h  g roup s e r v e d  as  a c o n t r o l  g r o up .  Al l  s u b j e c t s  p a r t i c i p a t e d  in 
t h e  r e g u l a r l y  d e s i g n a t e d  p h y s i c a l  e d u c a t i o n  a c t i v i t i e s  o f  s o c c e r ,  
t ouc h  f o o t b a l l ,  b a s k e t b a l l ,  and w r e s t l i n g  in a d d i t i o n  t o  t h e i r  
r e s p e c t i v e  t r a i n i n g  p r og r a ms .  At  t h e  end o f  t h e  s i x - w e e k  t r a i n i n g  
p e r i o d ,  a l l  s u b j e c t s  were  r e - t e s t e d  in o r d e r  t o  d e t e r m i n e  t h e  e f f e c t s  
o f  t h e  v a r i o u s  e x p e r i m e n t a l  programs  on t h e  v a r i a b l e s .
I I . SUBJECTS
The s u b j e c t s  f o r  t h i s  s t u d y  were  120 c o l l e g e  s t u d e n t s  a t
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Pembroke S t a t e  C o l l e g e ,  Pembroke,  Nor th  C a r o l i n a ,  r a n g i n g  in age  f rom 
s e v e n t e e n  t o  t w e n t y - o n e  y e a r s .  The s u b j e c t s  were  e n r o l l e d  in t h e  
b a s i c  p h y s i c a l  e d u c a t i o n  c l a s s e s  in t h e  Depar t men t  o f  H ea l t h  and 
P h y s i c a l  E d u c a t i o n .  The b a s i c  p rogram f o r  t h e  f a l l  s e m e s t e r  c o n s i s t e d  
o f  i n s t r u c t i o n  and l i m i t e d  c o m p e t i t i o n  in t h e  f o l l o w i n g  a c t i v i t i e s :  
s o c c e r ,  t ouc h  f o o t b a l l ,  b a s k e t b a l l ,  a n d v r e s t l i n g .  Al l  s u b j e c t s  
p a r t i c i p a t e d  in t h e s e  a c t i v i t i e s  in a d d i t i o n  t o  t h e i r  r e s p e c t i v e  
e x p e r i m e n t a l  t r a i n i n g  p rogram.  A l t h o u g h  t h e r e  were  some v a r s i t y  
a t h l e t e s  in each  c l a s s  s e c t i o n ,  t h e y  were  e x c l u d e d  f rom p a r t i c i p a t i o n  
in t h e  e x p e r i m e n t  as  t h e y  were  t h o u g h t  t o  be more  h i g h l y  t r a i n e d  
tha n  t h e  n o n - a t h l e t e s  and p e r h a p s  would a f f e c t  t h e  r e s u l t s .  Four  
d i f f e r e n t  p h y s i c a l  e d u c a t i o n  c l a s s e s  we r e  u t i l i z e d ;  t h r e e  c l a s s e s  
s e r v e d  as  e x p e r i m e n t a l  g roups  w i t h  t h e  f o u r t h  c l a s s  c o m p r i s i n g  t h e  
c o n t r o l  g r o u p .  The t r a i n i n g  p r ogr ams  f o r  t h e  f o u r  g r oups  a r e  
d e s c r i b e d  in d e t a i l  l a t e r  in t h i s  c h a p t e r .  The f o u r  g r ou p s  were  
i d e n t i f i e d  a s  f o l l o w s :
Group 1. The s u b j e c t s  in t h i s  g roup  p a r t i c i p a t e d  in a f i v e -  
mi n u te  i n t e r v a l  run c o n s i s t i n g  o f  a l t e r n a t e  j o g g i n g  and r un n i n g .
Group 1 I . The t r a i n i n g  p rogram f o r  t h i s  group c o n s i s t e d  o f  a 
s p e c i a l l y  d e s i g n e d  s t e p p i n g  e x e r c i s e  which  c o n s i s t e d  o f  s t e p p i n g  on 
and o f f  a bench a t  v a r i o u s  s p ee d s  f o r  a p e r i o d  o f  two and o n e - h a l f  
m i n u t e s .
Group I I I . The s u b j e c t s  a s s i g n e d  t o  t h i s  group p a r t i c i p a t e d  In 
an i s o m e t r i c  program whi ch  c o n s i s t e d  o f  f o u r  l e g  e x e r c i s e s  which were
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f e l t  t o  be f u n c t i o n a l  i n s o f a r  as  t h e  v a r i a b l e s  o f  t h e  s t u d y  were 
c o n c e r n e d .
Group IV. The s u b j e c t s  in t h i s  group s e r ve d  as  a c o n t r o l  group 
and were n o t  a s s i g n e d  any form o f  s p e c i a l i z e d  t r a i n i n g ,  b u t  me r e l y  
p a r t i c i p a t e d  in t h e  r e g u l a r  program of  p h y s i c a l  e d u c a t i o n  a c t i v i t i e s .
Al l  s t u d e n t s  t a k i n g  p a r t  in t h e  s t u d y  were  asked  t o  r e f r a i n  f rom 
any p h y s i c a l  t r a i n i n g  programs  o t h e r  t h a n  t h a t  pe r fo rme d  in c l a s s .
111.  TESTING EQUIPMENT
St ep  b e n c h . A s p e c i a l l y  c o n s t r u c t e d  bench,  made in t h r e e  p a r t s ,  
t wen t y  i n c h e s  h i g h ,  t w e n t y - f o u r  i n c h e s  wi de ,  and t w e n t y - f o u r  f e e t  long 
was used f o r  t h e  Harvard  S t e p  T e s t  and a l s o  f o r  t r a i n i n g  p u r p o s e s .
Stop w a t c h .^ A Huer s e v e n - j e w e l  s t o p  watch w i t h  a t h i r t y  
second f a c e  and c u m u l a t i v e  c oun t  d i a l  was used  f o r  t i m i n g  i s o m e t r i c  
e x e r c i s e s ,  t h e  runn i ng  program,  t h e  Harvard  Step T e s t ,  and t h e  s p e c i a l
s t e p  t r a i n i n g  program.
2
Tape r e c o r d e r . A Columbia model 946 monaural  t a p e  r e c o r d e r  
was employed t o  p r o v i d e  s t a n d a r d i z e d  ca d e n c e  in t h e  Harvard S t ep  
T e s t  and f o r  t h e  s t e p  t r a i n i n g  method.
Gon i ome t e r . A d e v i c e  c o n s i s t i n g  o f  two arms p e r m a n e n t l y  s e t  
a t  an a n g l e  o f  100 d e g r e e s  was made t o  i n s u r e  a c c u r a t e  measurement  of
Huer M a n u f a c t u r i n g  Company, d i s t r i b u t e d  by Wol ve r i ne  S p o r t i n g  
Goods Company, Ann A r bo r ,  Mich i gan .
2
Columbia M a n u f a c t u r i n g  Company, New York,  New York.
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t h e  a n g l e  o f  knee f l e x i o n  i n v o l ve d  in t h e  t e s t s  o f  l eg  s t r e n g t h  and 
m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s .
T e s t i n g  b e n c h . A s p e c i a l  bench d e s i g n e d  a s  a p l a t f o r m  f o r  t h e  
t e s t  o f  l e g  s t r e n g t h  and f o r  t h e  t e s t  o f  m u s c u l a r  e n d u r a n c e  o f  t h e
l e g s  was c o n s t r u c t e d .
3
I s o - s c a l e . The I s o - s c a l e  was employed t o  me a su r e  t h e  amount  
o f  f o r c e  e x e r t e d  by t h e  l eg  e x t e n s i o n  a c t i o n  o f  t h e  s u b j e c t  in t h e  
t e s t i n g  o f  l e g  s t r e n g t h .  The i s o - s c a l e  was a t t a c h e d  a t  one  end by 
means o f  a s h o r t  s t r a p  a f f i x e d  t o  an aluminum mount ing  p l a t e  on t h e  
t e s t i n g  be n c h ,  w h i l e  a n o t h e r  s h o r t  s t r a p  a p p r o x i m a t e l y  e i g h t  i n c h e s  
in l e n g t h  was a t t a c h e d  t o  t h e  o t h e r  end o f  t h e  i s o - s c a l e .  A webbing 
b e l t  and s t e e l  s h a f t  were  used  in c o n j u n c t i o n  w i t h  t h e  o t h e r  equ i pmen t  
t o  form a h a r n e s s  a g a i n s t  wh i ch  t h e  s u b j e c t  e x e r t e d  f o r c e .  The s c a l e  
on t h e  i n s t r u m e n t  me a s u r e s  f rom 0-730  pounds  in t e n  pound i n c r e m e n t s ,  
in a d d i t i o n  t o  t h e  d i a l  hand,  t h e r e  was a memory p o i n t e r  t h a t  r emained  
in p l a c e  a f t e r  r e c o r d i n g  t h e  h i g h e s t  r e a d i n g .
B a r b e l l  and w e i g h t s . A s t a n d a r d  Hea l t hways  b a r b e l l ,  one and 
o n e - e i g h t h  i nc hes  in d i a m e t e r  and f i v e  f e e t  l o ng ,  w i t h  a s u f f i c i e n t  
s u p p l y  o f  w e i g h t s ,  was used in t h e  t e s t  of  m u s c u l a r  e n d u r a n c e  o f  t h e  
l e g s .  The w e i g h t s  were  a l s o  used  in t h e  c a l i b r a t i o n  o f  t h e  i s o - s c a l e s .
T e s t i n g  b e l t  and c h a i n s . A b e l t  o f  heavy h a r n e s s  l e a t h e r  
padded w i t h  foam r u b b e r  was used  f o r  m u s cu l a r  e n d u r a n c e  o f  t h e  l e g s .
3
I s o - s c a l e ,  C o a c h ' s  S p o r t i n g  Goods C o r p o r a t i o n ,  Mar i on ,  I n d i a n a .
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Two l e n g t h s  o f  c h a i n  were  a t t a c h e d  t o  t h e  b e l t  in o r d e r  t o  s u p p o r t  t he  
b a r b e l l  f o r  t h e  e x e r c i s e .
IV. TESTING PROCEDURES
P r e - t e s t i n g  P e r i o d
On t h e  f i r s t  day o f  t h e  s t u d y ,  t h e  s u b j e c t s  were  informed as  
t o  t h e  n a t u r e  o f  t h e  e x p e r i m e n t  and t h e i r  e x p e c t e d  p a r t  in t h e  
p r o c e d u r e s .  Th r e e  c l a s s  p e r i o d s  f o r  each  o f  t h e  f o u r  p a r t i c i p a t i n g  
c l a s s e s  were  d e v o t e d  t o  f a m i l i a r i z i n g  t h e  s u b j e c t s  w i t h  t h e  t e c h n i q u e s  
i n v o l ve d  in t h e  t e s t i n g .
Harvard  S t e p  T e s t
Dur ing t h e  p r e - t e s t i n g  p e r i o d  t h e  s u b j e c t s  p r a c t i c e d  p r o c e d u r e s  
in t h e  a d m i n i s t r a t i o n  o f  t he  Harvard  S t e p  T e s t .  S ev e r a l  o n e - mi n u t e  
s t e p p i n g  t r i a l s  we re  g i v e n .  A f t e r  each o n e - m i n u t e  s t e p p i n g  e x e r c i s e ,  
t h e  e n t i r e  p r o c e d u r e  f o r  c o u n t i n g  t h e  p u l s e  a t  t h e  d i f f e r e n t  i n t e r v a l s  
of  t i me  a f t e r  e x e r c i s e  was p r a c t i c e d .  Al l  s u b j e c t s  we r e  t r a i n e d  on 
t h e  c o u r s e  o f  a c t i o n  t o  f o l l o w  in t h e  e v e n t  t h a t  t h e y  were  u n a b l e  t o  
p e r f o r m t h e  e x e r c i s e  f o r  t h e  e n t i r e  f i v e  m i n u t e s .  In t h i s  p r a c t i c e  
t h e  i n v e s t i g a t o r  randomly a s s i g n e d  c e r t a i n  s u b j e c t s  t o  r a i s e  t h e i r  
arms and v e r b a l l y  I n d i c a t e  t h a t  t h e y  were  u n ab l e  t o  c o n t i n u e .  Those 
a s s i g n e d  t o  c o u n t  t h e s e  s u b j e c t s '  p u l s e s  p ro c e e d e d  t o  r e c o r d  t h e  
s t e p p i n g  t i me  and be g i n  c o u n t i n g  t h e  p u l s e  a f t e r  one m i nu t e  had 
e l a p s e d .
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Leg S t r e n g t h
The s u b j e c t s  were  a c q u a i n t e d  w i t h  t h e  p r o c e d u r e s  o f  t h e  l eg  
s t r e n g t h  t e s t  and a l l o w e d  t o  overcome i n i t i a l  i n h i b i t i o n s  o f  t e c h n i q u e  
by a c t u a l l y  b e i n g  t e s t e d  s e v e r a l  t i m e s  p r i o r  t o  t h e  fo rmal  i n i t i a l  
t e s t s  we re  a d m i n i s t e r e d .  The s u b j e c t s  assumed t h e  t e s t i n g  p o s i t i o n  on 
t h e  b en c h ,  and t h e  c o r r e c t  a n g l e  be t ween  t h e  t h i g h  and lower  l e g  was 
d e t e r m i n e d  by t h e  g o n i o m e t e r .  A f t e r  t h e  a n g l e  was d e t e r m i n e d ,  t h e  
b e l t  was p l a c e d  in t h e  c o r r e c t  p o s i t i o n  o v e r  t h e  h i p s .  These  a d j u s t ­
ments  we r e  r e c o r d e d  and u s ed  d u r i n g  t h e  s u b s e q u e n t  week o f  t e s t i n g .
T h i s  p r o c e d u r e  a l l o w ed  t h e  b e l t  t o  be q u i c k l y  a d j u s t e d  on eac h  s u b j e c t  
d u r i n g  t h e  formal  t e s t i n g .  However ,  t h e  a n g l e  was a g a i n  checked d u r i n g  
t e s t i n g  in o r d e r  t o  e l i m i n a t e  any p o s s i b i l i t y  o f  e r r o r .  The s u b j e c t s  
were  a l l o w e d  t o  e x e r t  f u l l  s t r e n g t h  d u r i n g  p r e - t e s t  t r a i n i n g  t o  
a c c u s t om t h e m s e l v e s  t o  t h e  f e e l  o f  maximum e x e r t i o n  in t h e  t e s t i n g  
p o s i t i o n .
Muscu l a r  Endurance
The t r a i n i n g  f o r  t h e  t e s t  of  m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s
c o n s i s t e d  o f  h a v i n g  t h e  s u b j e c t s  p e r f o r m  a l i m i t e d  v e r s i o n  o f  t h e  t e s t
w i t h  a sma l l  amount  o f  w e i g h t  on t h e  b a r b e l l .  In t h i s  way t h e  s u b j e c t s
were  ab4e  t o  a c q u i r e  a d e g r e e  o f  s k i l l  in k e e p i n g  t h e  back  p a r a l l e l  t o
t h e  f l o o r  and t o  m a i n t a i n  t h e  n e c e s s a r y  c a d e n ce  w h i l e  r a i s i n g  and 
l o w e r in g  t h e  w e i g h t  w i t h  t h e  l e g s .  Th i s  t i me  was a l s o  u t i l i z e d  t o  
e s t a b l i s h  t h e  c o r r e c t  a d j u s t m e n t  in t h e  t e s t i n g  a p p a r a t u s  f o r  each
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s u b j e c t .  These  a d j u s t m e n t  p o s i t i o n s  were  r ec o r de d  and g r e a t l y  f a c i l i t a t e d  
t he  a c t u a l  t e s t i n g .
T e s t i n g  P e r i o d
Three  days  were  n e c e s s a r y  f o r  t h e  a d m i n i s t r a t i o n  o f  t he  t h r e e  
t e s t s .  The Harvard S t ep  T e s t  was g iven  on t h e  f i r s t  d a y .  The second 
day of  t e s t i n g  was d e v o t e d  t o  t h e  measurement  o f  l eg  s t r e n g t h .  The t e s t  
of  mu s cu l a r  e ndu r anc e  o f  t h e  l e g s  was g i ve n  on t h e  t h i r d  day.  Make-up 
t e s t s  were  g i ve n  on t h e  t h i r d  t e s t i n g  day  f o r  t h o s e  who were  a b s e n t  
f o r  e i t h e r  o f  t h e  p r e v i o u s  t e s t s .  The same p r o c e d u r e s  were  r e p e a t e d  a t  
t he  end o f  t h e  t r a i n i n g . p r o g r a m .
P r oc e d u r e s  f o r  C a r d i o - v a s c u l a r  F i t n e s s  T e s t i n g
The Harvard S t ep  T e s t  was u t i l i z e d  in t h i s  s t u d y  t o  measure  
c a r d i o - v a s c u l a r  f i t n e s s .  Th i s  t e s t  c o n s i s t e d  o f  havi ng  t h e  s u b j e c t  
s t e p  up and down on a s t e p  bench t wen t y  i nc hes  h igh a t  a cade nce  o f  
t h i r t y  t i me s  p e r  mi nu t e  f o r  f i v e  m i n u t e s  u n l e s s  he s t oppe d  f rom 
e x h a u s t i o n  b e f o r e  t h e n .  As soon as  t h e  f i v e  mi n u t e s  e l a p s e d ,  t h e  
s u b j e c t  s a t  on the  bench ,  and h i s  p u l s e  r a t e  was c oun t ed  f rom 1 t o  ]■% 
m i n u t e s ,  2 t o  2^ m i n u t e s ,  and 3 t o  mi n u t e s  a f t e r  t h e  c e s s a t i o n  of  
t he  s t e p p i n g  e x e r c i s e .  In t h e  e v e n t  t h a t  a s u b j e c t  had t o  s t o p  from 
e x h a u s t i o n  p r i o r  t o  t h e  end of  t h e  f i v e - m i n u t e  e x e r c i s e  p e r i o d ,  h i s  
t i me  was no ted  and t h e  p u l s e  c o u n t s  t he n  t a k e n  a t  t h e  s p e c i f i e d  i n t e r v a l s  
a f t e r  e x e r c i s e .  The s c o r e  was d e t e r m i n e d  by d i v i d i n g  t h e  d u r a t i o n  of  
t h e  e x e r c i s e  by t h e  sum o f  p u l s e s  in r e c o v e r y  by t h e  f o r mu l a :
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C a r d i o - v a s c u l a r  D u r a t i o n  o f  t h e  e x e r c i s e  in s econds  X 100
E f f i c i e n c y  Score  2 X Sum o f  t h e  p u l s e  c o u n t s  in r ec o v e ry
The Harvard S t e p  T e s t  i s  p r ob a b l y  t h e  most  w i d e l y  used t e s t  o f
c a r d i o - v a s c u l a r  e f f i c i e n c y  in p h y s i c a l  e d u c a t i o n  and was d eve l oped  by
Brouha as  a method o f  me asur i ng  p h y s i c a l  f i t n e s s  f o r  mu s c u l a r  work in
young men. Th i s  t e s t  was o r i g i n a l l y  v a l i d a t e d  a g a i n s t  t h e  c r i t e r i o n
o f  a work index based on t h e  t h r e e  f ac - t o r s  o f  e n d u r an c e  r u n n i n g ,
maximum h e a r t  r a t e  p e r  m i n u t e ,  and blood l a c t a t e  l e v e l .  For  a more
c o m p l e t e  d e s c r i p t i o n  and h i s t o r y  o f  t h e  deve l opment  of  t h i s  t e s t  t he
r e a d e r  i s  r e f e r r e d  t o  t h e  o r i g i n a l  a r t i c l e  by Brouha. '*
In t h e  a d m i n i s t r a t i o n  o f  t h i s  t e s t ,  t h e  s u b j e c t s  were a s s i g n e d
t o  g roups  o f  t h r e e .  Whi le  one s u b j e c t  was b e i ng  t e s t e d  t h e  o t h e r  two
a s s i s t e d  in t h e  a d m i n i s t r a t i o n  o f  t h e  t e s t  by c o u n t i n g  t he  s u b j e c t ' s
p u l s e  r a t e  a f t e r  t h e  c e s s a t i o n  o f  e x e r c i s e .  Th i s  c oun t  was t a k e n  a t  b o t h
t h e  r a d i a l  and c a r o t i d  a r t e r i e s  by t h e  s u b j e c t s  who were a s s i s t i n g .  In
t h e  e v e n t  t h a t  t h e  two t o t a l s  d i d  no t  a g r e e ,  p r o v i s i o n  was made t o  use
t h e  a v e r a g e  of  t h e  two c o u n t s  as  t h e  v a l i d  measure .  However,  t h e r e
was e x c e l l e n t  agreement  among t h e  c o u n t e r s  and t h i s  was n o t  n e c e s s a r y .
P r o c e d u r e s  f o r  T e s t i n g  Leg S t r e n g t h
Leg s t r e n g t h  was measured by means o f  t h e  i s o - s c a l e .  The s u b j e c t
Lucien Brouha,  "The S t ep  T e s t ;  A Simple  Method o f  Measur ing  
P h y s i c a l  F i t n e s s  f o r  Muscu l a r  Work in Young Men," Resea r c h  Q u a r t e r l y ,  
XIV (March,  1943) ,  31-36 .
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was r e q u e s t e d  t o  s t e p  up o n t o  t h e  t e s t i n g  bench and assume a p o s i t i o n  
t h a t  p l a c e d  h i s  back  p a r a l l e l  t o  t h e  f l o o r .  He then  g r a s pe d  one o f  
t h e  b a r s  on t h e  f r o n t  of  t he  bench a t  t h e  l e ve l  t h a t  would a l l o w  him 
t o  m a i n t a i n  b a l a n c e .  A webbing s t r a p  was p l a c e d  over  t h e  s u b j e c t ' s  
h i p s .  He was i n s t r u c t e d  t o  bend h i s  knees  u n t i l  t h e  t h i g h  and l eg  
formed an a n g l e  o f  100 d e g r e e s  a t  t h e  knee ,  a t  which p o i n t  t h e  s t r a p  
was a t t a c h e d  t o  t h e  s t e e l  s h a f t  beh i nd  h i s  knees  and d i v e s t e d  o f  any 
s l a c k .  (See  F i g u r e  1 . )  The a n g l e  of  t h e  s u b j e c t ' s  knees  was checked 
by means o f  t h e  g on i o m e t e r .  The maximum i n d i c a t o r  hand of  t h e  i s o ­
s c a l e  was p l a c e d  a t  z e r o .  The s u b j e c t  was i n s t r u c t e d  t o  t r y  t o  e x t end  
h i s  l e g s  a s  f o r c i b l y  as  p o s s i b l e  wi t h  a s t r o n g  s t e a d y  p u l l ,  k e ep i ng  
h i s  back p a r a l l e l  t o  t he  f l o o r  and h i s  hands  on t he  f r o n t  o f  t h e  bench 
In c a s e s  where  a d j u s t m e n t  o f  t h e  s t r a p  was n o t  s a t i s f a c t o r y ,  o r  t he  
p u l l i n g  a c t i o n  was j e r k y  r a t h e r  t ha n  smooth,  t h e  s u b j e c t  was r e - t e s t e d  
S u f f i c i e n t  t r i a l s  were  g iven  t o  e s t a b l i s h  what  was c o n s i d e r e d  by t he  
i n v e s t i g a t o r  t o  be a r e l i a b l e  s c o r e  f o r  each  s u b j e c t .  Al l  s u b j e c t s  
were  a l l owed  t o  r e p e a t  t he  t e s t  l a t e r  on d u r i n g  t h e  p e r i o d  i f  t he y  
f e l t  t h e y  would do b e t t e r .  The l eg  s t r e n g t h  s c o r e  was r ec o r de d  by 
t h e  t e s t e r  t o  t h e  n e a r e s t  t e n  pounds .
P r o c e d u r e s  f o r  T e s t i n g  Muscula r  Endurance  o f  t h e  Legs
Th i s  t e s t  i nvo l ved  me a s u r i ng  t h e  i s o t o n i c  m u s cu l a r  e n du r an c e  of  
t h e  l e gs  by h av i ng  t h e  s u b j e c t  r a i s e  and lower  a sub-maximal  l o a d .  In
F I G U R E  1




a s u r ve y  o f  e r g o g r a p h i c  me t hods ,  C l a r k e  found t h a t  t h e  amount  o f  
w e i g h t  t o  be used f o r  each  s u b j e c t  c o u l d  be e f f e c t i v e l y  d e t e r m i n e d  by 
t a k i n g  a p r o p o r t i o n  o f  t h e  s t r e n g t h  o f  t h e  mu s c l e s  t o  be e x e r c i s e d .  
Through p r e - t e s t  e x p e r i m e n t a t i o n  t h e  w r i t e r  found  t h a t  o n e - h a l f  t h e  
s u b j e c t ' s  maximum l e g  s t r e n g t h  a t  t h e  100 d e g r e e  a n g l e  was s u f f i c i e n t  
t o  p r od u ce  e x h a u s t i o n  in two m i n u t e s  o r  l e s s  when t h i s  load was r a i s e d  
and lowered a t  a c a d e n ce  o f  f o r t y  t i m e s  p e r  m i n u t e .  As o n e - h a l f  t h e  
i n i t i a l  l e g  s t r e n g t h  s c o r e  mi gh t  n o t  n e c e s s a r i l y  be t h e  f i n a l  f i g u r e  
some means o f  e q u a l i z i n g  t h e  work done  was neede d .
in t h e  i n i t i a l  t e s t  o f  m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s ,  o n e - h a l f  
o f  t h e  i n i t i a l  l eg  s t r e n g t h  a t  100 d e g r e e s  was used f o r  t h e  t e s t  
whe r e a s  in t h e  f i n a l  t e s t  o n e - h a l f  o f  t h e  f i n a l  l e g  s t r e n g t h  a t  100 
d e g r e e s  was used .  T h i s  r e s u l t e d  in two f i g u r e s  f o r  each  t e s t ,  t h e  
number o f  r e p e t i t i o n s  and t h e  w e i g h t  u s e d .  In o r d e r  t o  i n t e r p r e t  t h i s  
d a t a ,  some means o f  e q u a t i n g  t h e s e  two s c o r e s  was n e c e s s a r y  t o  r eac h  
a s i n g l e  i n d i c a t i o n  o f  work d o n e .  T h i s  was a c c o m p l i s h e d  by m u l t i p l y i n g  
t h e  w e i g h t  used  by t h e  number o f  r e p e t i t i o n s .  T h i s  r e s u l t e d  in a 
somewhat  b u l k y  f i g u r e  which was d i v i d e d  by one  hundred  t o  f a c i l i t a t e  
t r e a t m e n t .
In t h e  a d m i n i s t r a t i o n  o f  t h i s  t e s t ,  t h e  s u b j e c t  was r e q u e s t e d  t o  
s t e p  up o n t o  t he  t e s t  bench ,  assume a p o s i t i o n  t h a t  p l a c e d  h i s  back  
p a r a l l e l  t o  t h e  f l o o r  w i t h  h i s  knees  b e n t  a t  an a n g l e  o f  100 d e g r e e s  as
H. H a r r i s o n  C l a r k e ,  Mu sc u l a r  S t r e n g t h  and Endurance  in Man 
(Englewood C l i f f s ,  N . J . :  P r e n t i c e - H a l 1, I n c . ,  1966) ,  p .  87 .
d e t e r m i n e d  by t h e  g o n i o m e t e r .  He t h e n  g r a s p e d  one  o f  t h e  b a r s  on t h e  
f r o n t  o f  t he  bench in o r d e r  t o  m a i n t a i n  a c o m f o r t a b l e  p o s i t i o n .  (See 
F i g u r e  2 . )  A padded b e l t  was t h e n  p l a c e d  a c r o s s  t h e  s u b j e c t ' s  h i p s  
w i t h  a c h a i n  on e i t h e r  s i d e  f o r  a t t a c h m e n t  o f  a b a r b e l l  which was loaded 
w i t h  t h e  e q u i v a l e n t  o f  o n e - h a l f  t h e  s u b j e c t ' s  l e g  s t r e n g t h  s c o r e .  (See 
F i g u r e  3 . )  The b a r b e l l ,  p l a c e d  on two wooden chocks  t o  c om p e n s a t e  f o r  
l i g a m e n t  s t r e t c h ,  was a t t a c h e d  t o  t h e  c h a i n s  and t h e  c h a i n s  were  
d i v e s t e d  o f  any s l a c k .  The chocks  were  removed and t h e  t a p e  r e c o r d e r  
was s t a r t e d .  The s u b j e c t  t he n  began t o  r a i s e  and lower  t h e  w e i g h t  a t  
a c a d e n c e  o f  f o r t y  t i me s  p e r  m i n u t e ,  as  s e t  by t h e  t a p e  r e c o r d e r ,  f o r  
a s  long as  p o s s i b l e .  When t h e  s u b j e c t  was u n a b l e  t o  r a i s e  and l ower  
t h e  w e i g h t  t h e  f u l l  d i s t a n c e  ( s e e  F i g u r e  k ,  page  37)  o r  i f  he f a i l e d  
t o  m a i n t a i n  t h e  c a d e nc e ,  e x h a u s t i o n  was assumed t o  have been r e a c h e d .
A t  th e  c o n c l u s i o n  o f  t h e  t e s t  t h e  s u b j e c t ' s  s c o r e  was c a l c u l a t e d  by the
f o r m u l a  R e p e t i t i o n s  X W e ig h t  and th e n  re co rd ed  on th e  r e c o r d  s h e e t .
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V. TRAINING PROGRAMS
Group I .  The s u b j e c t s  in t h i s  g roup  p a r t i c i p a t e d  in an i n t e r v a l  
run o f  f i v e  m i n u t e s  d u r a t i o n .  The r u n n i n g  p rogram c o n s i s t e d  o f  
a l t e r n a t e l y  r u n n i n g  120 y a r d s  a t  a s low ( o r  i n t e r m e d i a t e )  s p e e d ,  f o l l o w e d  
by a run o f  e i g h t y  y a r d s  a t  a f a s t  p a c e .  Th i s  p r o c e d u r e  was c o n t i n u e d  
f o r  f i v e  m i n u t e s  each e x e r c i s e  s e s s i o n .  The c o u r s e  was marked o f f  in 
f o r t y - y a r d  i n t e r v a l s  and m a r k e r s  we re  used f o r  i d e n t i f y i n g  o r  s i g n a l i n g  
t h e  b e g i n n i n g  and end o f  t h e  d i s t a n c e s  f o r  t h e  d i f f e r e n t  r u n n i n g  s p e e d s .
Sj-J-S?-
FIGURE 2
DEMONSTRATION OF THE USE OF THE GONIOMETER IN DETERMINING 




DEMONSTRATION OF THE STARTING POSITION AND THE EQUIPMENT UTILIZED 




SUBJECT DEMONSTRATING THE EXTENDED POSITION IN THE TEST 
OF MUSCULAR ENDURANCE OF THE LEGS
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An a u d i b l e  s i g n a l  f rom t he  i n v e s t i g a t o r  i n d i c a t e d  t h e  t e r m i n a t i o n  o f  t h e  
t i m e ' p e r i o d  f o r  t h e  i n t e r v a l  run and t h e  s u b j e c t s  h a l t e d  and no t e d  t h e i r  
r e s p e c t i v e  zones  which ,  w i t h  t h e  number o f  c i r c u i t s  o f  t h e  f i e l d  
p r ov id ed  a nume r i ca l  i n d i c a t i o n  o f  t h e  d i s t a n c e  c o v e r e d .  For  example ,  
i f  a r u nn e r  had made t h r e e  c i r c u i t s  o r  l a p s  and t h e  run was t e r m i n a t e d  
in zone f o u r ,  h i s  s c o r e  would be 3 . ^ .  T h i s  s c o r e  was used f o r  m o t i v a ­
t i o n a l  p u r p o s e s  as  wel l  as  a g e n e r a l  i n d i c a t i o n  o f  p r o g r e s s .  In t h e  
e v e n t  t h a t  a s u b j e c t  was u n a b l e  t o  keep up w i t h  t h e  g r oup ,  he p r ocee ded  
a t  h i s  own pace  and e nde a vo r e d  t o  i n c r e a s e  h i s  speed a t  t h e  p r e - d e t e r m i n e d  
p o i n t s .  In t h e  e v e n t  t h a t  a s u b j e c t  was u n a b l e  t o  keep r u n n i n g ,  he was 
i n s t r u c t e d  t o  go i n t o  a w a l k - r u n  s i t u a t i o n  f o r  a s  long as  p o s s i b l e .
Group I 1. The s u b j e c t s  in t h i s  group t r a i n e d  in a manner  
s i m i l a r  t o  t h e  r e g u l a r  p e r f o r m a n c e  o f  t h e  Harvard S t e p  T e s t  b u t  w i t h  
d i f f e r e n t  cade nc e s  and u t i l i z i n g  a bench e i g h t e e n  inc hes  h i g h .  A mat 
two i n c h e s  t h i c k  was p l a c e d  a d j a c e n t  t o  t h e  bench in o r d e r  t o  r e d u c e  
t h e  h e i g h t  of  s t e p  r e q u i r e d  e n a b l i n g  t h e  s u b j e c t s  t o  p e r fo r m t h e  f a s t e r  
p ace  of  t h e  e x e r c i s e  w i t h  a minimum o f  s t u m b l i n g .  The ca d e n c e  was 
a l t e r e d  in t h a t  t h e  f i r s t  t h i r t y  s econds  t h e  s u b j e c t s  e x e r c i s e d  a t  a 
pace  o f  t w e n t y - f o u r  s t e p s  p e r  mi nu t e ,  which was f o l l ow e d  by t h i r t y  
s econds  o f  s t e p p i n g  f o r t y  t i me s  p e r  m i n u t e .  The c a de nce  t h e n  s lowed 
t o  t w e n t y - f o u r  t i me s  p e r  mi nu t e  f o r  one mi nu t e ;  and t h e  f i n a l  t h i r t y  
s econds  o f  t h e  t e s t  was pe r f o r me d  a t  f o r t y  s t e p s  pe r  m i n u t e .  The t o t a l  
t i me  f o r  each  t r a i n i n g  p e r i o d  was 2^ - m i n u t e s .  The t o t a l  t i me  each 
s u b j e c t  was a b l e  t o  keep in s t e p  was r e c o r d e d  and used f o r  m o t i v a t i o n a l  
p u r p o s e s .
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Group I I I . Four  f u n c t i o n a l  i s o m e t r i c  e x e r c i s e s  were  per fo rmed  
by t h i s  group in t h i s  s t u d y .  The s u b j e c t s  per formed  f o u r  l e g  e x e r c i s e s  
f o r  e i g h t  s econds  a t  maximum e f f o r t ,  t h r e e  days  a week f o r  a p e r i o d  of  
s i x  weeks .  Nylon b e l t s  were  used in c o n j u n c t i o n  w i t h  a s t e e l  b a r  and 
t e s t i n g  benches  t o  p r o v i d e  r e s i s t a n c e  in t h e s e  e x e r c i s e s .  I s o - s c a l e s  
were  used on two o f  t h e  e x e r c i s e s  once  a week and t h e  s c o r e s  r e c o rd ed  
and used f o r  m o t i v a t i o n a l  p u r p o s e s .  The e x e r c i s e s  were  pe r fo rmed  as  
d e s c r i b e d  in t h e  f o l l o w i n g  p a r a g r a p h s .
I s o m e t r i c  l e g  e x t e n s i o n . T h i s  e x e r c i s e  was done in t h e  
p o s i t i o n  a t  which t h e  t e s t  of  l eg s t r e n g t h  was a cc ompl i s he d  and which 
r e p r e s e n t e d  t h e  s t a r t i n g  p o s i t i o n  f o r  t h e  t e s t  o f  m u s cu l a r  e n d u r an c e  of  
t h e  l e g s .  The s u b j e c t  s t e p p ed  o n t o  t h e  bench and assumed a s q u a t t i n g  
p o s i t i o n ,  p l a c i n g  t h e  b e l t  a c r o s s  h i s  h i p s .  The p o s i t i o n  f o r  p l a c e me n t  
o f  t h e  b e l t  and b a r  had been d e t e r m i n e d  p r e v i o u s l y  and was f a c i l i t a t e d  
by making h o l e s  in t h e  bench ,  t h r ou g h  which t h e  b a r  was p l a c e d  in o r d e r  
t o  make i t  p o s s i b l e  t o  have  d i f f e r e n t  a n g l e s  o f  p u l l .  The s u b j e c t  
t he n  e x t en d e d  h i s  knees  t o  t a k e  t h e  s l a c k  o u t  o f  t h e  b e l t  and p l a c e d  
h i s  hands  on h i s  knees  k e ep i ng  h i s  back  s t r a i g h t  and p a r a l l e l  t o  t h e  
f l o o r .  At an a u d i b l e  s i g n a l  t h e  s u b j e c t  e x e r t e d  maximum f o r c e  w i t h  h i s  
l e g s  e x t en d e d  f o r  a p e r i o d  of  e i g h t  s e co nd s ,  a t  which t ime a n o t h e r  
a u d i b l e  s i g n a l  was g iven  t o  s i g n a l  c e s s a t i o n  o f  t h e  e x e r c i s e .  Thi s  
e x e r c i s e  i s  shown in Appendix  B.
I s o m e t r i c  1 eg c u r  1. The s u b j e c t s  were  d i v i d e d  i n t o  p a i r s  f o r  t h e  
pe r f o r ma nc e  o f  t h i s  e x e r c i s e .  (See Appendix  C. )  One o f  t h e  s t u d e n t s
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assumed a p r o n e  p o s i t i o n  w i t h  h i s  knees  p a r t i a l l y  e x t e n d e d ,  midway 
between f l e x i o n  and e x t e n s i o n  a t  an a p p r o x i m a t e  a n g l e  o f  n i n e t y  d e g r e e s .  
His p a r t n e r  f i r m l y  g r a s p e d  h i s  a n k l e s  and he t h e n  a t t e m p t e d  t o  f l e x  
h i s  knees  f o r  a p e r i o d  o f  e i g h t  s e c o n ds  w h i l e  h i s  p a r t n e r  p r o v i d e d  
r e s i  s t a n c e .
I s o m e t r i c  t o e  r a i s e . In t h i s  e x e r c i s e  t h e  s u b j e c t  was s e a t e d  
in a c h a i r  p l a c e d  on t o p  o f  t h e  s t e p  t e s t  bench .  A n y l o n  s t r a p  was 
p l a c e d  o ve r  t h e  s u b j e c t ' s  knees  and s e c u r e d  t o  t h e  bench  so a s  t o  
p r o v i d e  r e s i s t a n c e  when t h e  s u b j e c t  r a i s e d  h i s  h e e l s .  The s u b j e c t  
pe r f o r me d  t h e  e x e r c i s e  by r a i s i n g  h i s  h e e l s  and f o r c i n g  h i s  knees  
a g a i n s t  t h e  b e l t  f o r  e i g h t  s e co nd s  a t  maximum e f f o r t .  T h i s  e x e r c i s e  
i s  shown in Appendix  D.
I s o m e t r i c  inward l e g  p u s h . The s u b j e c t  assumed a s q u a t t i n g  
p o s i t i o n  and p l a c e d  h i s  r i g h t  f o r e a r m  between h i s  knees  w i t h  t h e  hand 
on t h e  l e f t  knee  and t h e  e lbow a g a i n s t  t h e  r i g h t  knee .  The s u b j e c t  
t h e n  a t t e m p t e d  t o  push h i s  knees  t o g e t h e r  w i t h  maximum f o r c e  f o r  a 
p e r i o d  o f  e i g h t  s e c o n d s .  T h i s  e x e r c i s e  i s  shown in Appendix  E.
Group IV. The s u b j e c t s  in t h i s  g roup s e r v e d  as  a c o n t r o l  
and pe r f o r me d  no e x e r c i s e  program o t h e r  t h a n  r o u t i n e  c l a s s  a c t i v i t i e s  
d u r i n g  t h e  t r a i n i n g  p e r i o d .  The s e  a c t i v i t i e s  were  p e r f o r me d  in a 
f o r t y - m i n u t e  p e r i o d ,  t h r e e  t i me s  a week.  The t o t a l  number  o f  c l a s s  
p e r i o d s  a v a i l a b l e  f o r  t h i s  u n i t  was d i v i d e d  i n t o  f o u r  p a r t s ,  and one 
a c t i v i t y  was t a u g h t  d u r i n g  each  b l o c k  o f  t i m e .  C o n d i t i o n i n g  e x e r c i s e s ,  
d r i l l s  and p r a c t i c e  s k i l l s ,  i n t r a - c l a s s  c o m p e t i t i o n  c o m p r i s e d  each o f
t h e  i n s t r u c t i o n a l  u n i t s  in t ouc h  f o o t b a l l ,  s o c c e r ,  b a s k e t b a l l ,  and 
w r e s t l i n g .  A d e t a i l e d  c o u r s e  o u t l i n e  i s  p r e s e n t e d  in Appendix A.
VI .  STATISTICAL ANALYSIS
The d a t a  were a n a l y z e d  by two p r o c e d u r e s .  The f i r s t  was a 
compar i son  w i t h i n  groups  t o  d e t e r m i n e  w h e t h e r  o r  n o t  s i g n i f i c a n t  
improvement  was made by each  o f  t h e  g roups  on each o f  t h e  t h r e e  
v a r i a b l e s  o f  c a r d i o - v a s c u 1a r  f i t n e s s ,  l e g  s t r e n g t h ,  and mu s cu l a r  
e n d u r a n c e  o f  t h e  l e g s .  The s i g n i f i c a n c e  o f  t he  d i f f e r e n c e  between 
c o r r e l a t e d  means as  d e s c r i b e d  by G a r r e t t ^  was u t i l i z e d  f o r  t h i s  
c o mpar i s on .
The second p r o c e d u r e  was a compar i son  t o  d e t e r m i n e  i f  t he  mean 
changes  in c a r d i o - v a s c u l a r  f i t n e s s ,  leg s t r e n g t h ,  and mu s c u l a r  end u r a n c e  
o f  t h e  l e gs  d i f f e r e d  s i g n i f i c a n t l y  among g roups  a f t e r  t r e a t m e n t .  In 
o r d e r  t o  make t h i s  co mp a r i s o n ,  i t  was f i r s t  n e c e s s a r y  t o  e s t a b l i s h  
wh e t h e r  t o  use  a n a l y s i s  o f  v a r i a n c e  o r  c o - v a r i a n c e .  The P ea r s on  
P r o d u c t  Moment method o f  c o r r e l a t i o n  was employed u s i n g  i n i t i a l  s c o r e s  
and g a i n s .  As a r e s u l t  o f  t h e s e  c o m p u t a t i o n s ,  one  f o r  each o f  t h e  
t h r e e  v a r i a b l e s ,  a n a l y s i s  o f  v a r i a n c e  was employed t o  a s c e r t a i n  i f  
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among g r o u p s .
^Henry E. G a r r e t t ,  S t a t i  s t i  cs  in P s y c h o l o g y  and Educa t i  on (New 
York:  David McKay Co. ,  1952) ,  p .  226.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
I .  INTRODUCTION
The d a t a  o b t a i n e d  in t h i s  s t u d y  c o n s i s t e d  of  i n i t i a l  and f i n a l  
s c o r e s  f o r  c a r d i o - v a s c u 1a r  f i t n e s s ,  l eg  s t r e n g t h ,  and mu s c u l a r  
e n d u r an c e  o f  t h e  l e g s .  The f i r s t  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  
in t h i s  s t u d y  was t o  e s t a b l i s h  t h e  s i g n i f i c a n c e  o f  t h e  g a i n s  made in 
each v a r i a b l e  f o r  each g roup .  The f o r mu l a  f o r  compar i son  o f  c o r r e l a t e d  
means was used t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  be t ween 
i n i t i a l  and f i n a l  s c o r e s  in t h e  deve l opmen t  o f  c a r d i o - v a s c u l a r  f i t n e s s ,  
l eg  s t r e n g t h ,  and m u sc u l a r  e n d u r a n c e  o f  t h e  l e g s .
11.  THE SIGNIFICANCE OF THE MEAN GAINS OF THE FOUR GROUPS 
IN CARDIO-VASCULAR FITNESS, LEG STRENGTH, AND 
MUSCULAR ENDURANCE OF THE LEGS
The s i g n i f i c a n c e  o f  t he  mean g a i n s  in c a r d i o - v a s c u l a r  f i t n e s s  
was d e t e r m i n e d  by t e s t i n g  t h e  n u l l  h y p o t h e s i s  by means o f  t h e  t - r a t i o .  
In each  comp a r i s o n ,  t h e  c o r r e l a t e d  group method was u t i l i z e d  b e c a u s e  o f  
t h e  f a c t  t h a t  t h e  same s u b j e c t s  compr i s ed  both s e t s  o f  s c o r e s .
Compar i son o f  I n i t i a l  and F i na l  C a r d i o - V a s c u l a r  F i t n e s s  Scor e s
From T a b l e  I i t  can  be seen  t h a t  t h e  _ t - r a t i o  r e s u l t i n g  from t h e
h i
compar i son  o f  d i f f e r e n c e  between i n i t i a l  and f i n a l  c a r d i o - v a s c u l a r  
f i t n e s s  s c o r e s  f o r  Group I was 4 . 2 .  In o r d e r  t o  be s i g n i f i c a n t ,  a 
j t - r a t i o  of  2 . 0 4  was needed f o r  t he  .05 l e ve l  o f  c o n f i d e n c e  and a _t o f
2 . 7 6  was needed  f o r  t h e  .01 l e v e l .  S i n c e  t h e  t_ o f  4 . 2  was above  t h e
2 . 7 6  r a t i o  needed a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y ,  i t  may be s t a t e d  
t h a t  an i n t e r v a l  run o f  f i v e  m i n u t e s  in a d d i t i o n  t o  t h e  r e g u l a r  
p h y s i c a l  e d u c a t i o n  a c t i v i t y  r e s u l t e d  in s i g n i f i c a n t  improvements  in 
c a r d i o - v a s c u l a r  f i t n e s s .
Group I I ,  which  pe r fo rmed  t h e  s t e p p i n g  e x e r c i s e ,  had a mean ga i n  
o f  7-5  p o i n t s  in c a r d i o - v a s c u l a r  e f f i c i e n c y  s c o r e s  f rom i n i t i a l  t o  
f i n a l  t e s t i n g .  The r e s u l t i n g  _ t - r a t i o  o f  3.1 was above t h a t  o f  2 . 7 6 
needed f o r  s i g n i f i c a n c e  a t  t h e  .01 l e v e l  o f  c o n f i d e n c e .  T h i s  f i n d i n g  
i n d i c a t e s  t h a t  p a r t i c i p a t i o n  in t h e  s t e p p i n g  e x e r c i s e  a l o n g  wi t h  
p h y s i c a l  e d u c a t i o n  a c t i v i t y  a s  used in t h i s  s t u d y  r e s u l t e d  in a s i g n i f i ­
c a n t  improvement  in c a r d i o - v a s c u l a r  f i t n e s s .
Group 111, which pe r f o r me d  i s o m e t r i c  e x e r c i s e s ,  had a mean ga i n  
o f  1 4 . I p o i n t s  f rom i n i t i a l  t o  f i n a l  t e s t i n g  w i t h  a r e s u 1t i n g  _ t - r a t i o  
o f  7 . 4 .  T h i s  was c l e a r l y  above t h e  f i g u r e  n e c e s s a r y  f o r  s i g n i f i c a n c e  
a t  t h e  .01 l e v e l .  I t  may be s t a t e d  t h a t  t h e  i s o m e t r i c  program in 
c o n j u n c t i o n  w i t h  p h y s i c a l  e d u c a t i o n  a c t i v i t y  r e s u l t e d  In s i g n i f i c a n t  
g a i n s  in c a r d i o - v a s c u l a r  f i t n e s s .
The mean g a i n  f rom i n i t i a l  t o  f i n a l  t e s t i n g  f o r  Group IV, which 
s e r v e d  as  t h e  c o n t r o l  g roup ,  was 9 . 4  which r e s u l t e d  in a _ t - r a t i o  of  
4 . 9 .  Th i s  g a i n  was a l s o  s i g n i f i c a n t  a t  t h e  .01 l e ve l  o f  p r o b a b i l i t y
T A B L E  1
COMPARISON OF TH E  D I F F E R E N C E S  BETWEEN THE I N I T I A L  AND F I N A L  MEANS IN
C A R D I O - V A S C U L A R  F I T N E S S  SCORE S OF FOUR GROUPS OF COLLEGE MEN












30 73.1 8 2 . 3 9 . 2 2 . 18 4 . 2 .01
Group 11 
( S t e p p i ng )
30 79 . 7 87 . 2 7 . 5 2 . 4 3.1 .01
Group 111 
(1somet r  i c)
30 75 . 6 89 . 7 14.1 1.9 7 . 4 .01
Group IV 
( C o n t r o l )
30 71.8 81 . 2 9 . 4 2 . 2 4 . 9 .01
t  needed a t .05 l e ve l  = 2 . 0 5 ;  _t needed a t  .01 l e ve l  = 2 .7 6
and I n d i c a t e d  t h a t  t h e  a c t i v i t i e s  pe r fo rme d  in t h e  p h y s i c a l  e d u c a t i o n  
c l a s s  r e s u l t e d  in a s i g n i f i c a n t  i n c r e a s e  in c a r d i o - v a s c u l a r  f i t n e s s .
The r e s u l t s  o f  T a b l e  I ,  p a g e  44,  i n d i c a t e  t h a t  a l l  f o u r  g roups  
made s i g n i f i c a n t  g a i n s  in c a r d i o - v a s c u l a r  f i t n e s s  a t  t h e  .01 l e v e l  of  
c on f  i d e n c e .
Compar i son o f  I n i t i a l  and F in a l  Leg S t r e n g t h  Sc o r e s
In T a b l e  II t h e  r e s u l t s  o f  t h e  a n a l y s i s  i n d i c a t e  t h a t  t h e  
s u b j e c t s  in Group I ,  who p a r t i c i p a t e d  in t h e  i n t e r v a l  r un ,  had a mean 
g a i n  in l e g  s t r e n g t h  o f  4 l . O  p o u n d s .  Th i s  r e s u l t e d  in a t - r a t i o  o f  
4 . 9  which was above  t h e  2 . 7 6  r a t i o  needed f o r  s i g n i f i c a n c e  a t  t h e  .01 
l e v e l  o f  p r o b a b i l i t y .  Thus ,  i t  may be s t a t e d . t h a t  p h y s i c a l  e d u c a t i o n  
a c t i v i t y  and s u p p l e m e n t a r y  i n t e r v a l  r unn i ng  r e s u l t e d  In an i n c r e a s e  in 
l e g  s t r e n g t h .
The group  t h a t  p e r f o r me d  t h e  s t e p p i n g  e x e r c i s e  (Group I I )  had a 
mean g a i n  in l e g  s t r e n g t h  o f  3 2 . 7  pounds  f rom i n i t i a l  t o  f i n a l  t e s t i n g .  
The r e s u l t i n g  j t - r a t i o  o f  3 . 4  was l a r g e r  t h a n  ■'■hat needed  f o r  t h e  .01 
l e v e l  o f  c o n f i d e n c e  and i n d i c a t e d  t h a t  t h e  s t e p p i n g  e x e r c i s e  in 
a d d i t i o n  t o  p h y s i c a l  e d u c a t i o n  a c t i v i t y  r e s u l t e d  in i n c r e a s e d  l e g  
s t r e n g t h  in  t h e  s u b j e c t s .
Group I I I ,  t h e  i s o m e t r i c  e x e r c i s e  g r o u p ,  had a mean g a i n  o f  65 .7  
pounds  in l eg  s t r e n g t h  w i t h  a r e s u  11 i ng _ t - r a t  i o o f  5 . 2 .  Th i s  was a l s o  
s i g n i f i c a n t  a t  t h e  .01 l e v e l .  Thus ,  i s o m e t r i c  e x e r c i s e s  and p h y s i c a l  
e d u c a t i o n  a c t i v i t y  r e s u l t e d  in a s i g n i f i c a n t  g a i n  in l e g  s t r e n g t h .
T A B L E  I I
COMPARISON OF T H E  D I F F E R E N C E S  BETWEEN TH E  I N I T I A L  AND F I N A L  MEANS IN
LEG STRENGTH SC OR E S  FOR FOUR GROUPS OF COLLEGE MEN
Group N
I n i t i a l  
Mean i n 
Pounds
Fi nal  











30 295.0 336 . 0 41 .0 8 . 35 4 . 9 .01
Group 11 
(S t epp i  ng)
30 292. 6 325. 3 32 . 7 9 . 5 3 . 4 .01
Group 111 
( I s o m e t r i c )
30 251.3 317 . 0 65.7 12.6 5 . 2 .01
Group IV 
( C o n t r o l )
30 261 . 0 292.3 31.3 10.3 3 . 2 .01
t  needed a t  .05 l e ve l  = 2 . 0 5 ;  _t needed a t  .01 l e ve l  = 2 . 7 6
I t  was a l s o  found t h a t  Group IV, t h e  c o n t r o l  g r ou p ,  had a mean 
g a i n  o f  l eg  s t r e n g t h  o f  3 1 - 3 .  T h i s  r e s u l t e d  in a t - r a t i o  o f  3 . 2  and 
i n d i c a t e d  s i g n i f i c a n t  g a i n s  in l e g  s t r e n g t h  a t  t h e  .01 l e v e l  of  
c o n f i d e n c e  we r e  b r o u g h t  a b o u t  by p h y s i c a l  e d u c a t i o n  a c t i v i t y  a l o n e .
The r e s u l t s  f rom T a b l e  I I ,  page  4 6 ,  i n d i c a t e  t h a t  a l l  f o u r  
g r oups  d i d  make s i g n i f i c a n t  g a i n s  in l eg  s t r e n g t h  a t  t h e  .01 level o f  
p r o b a b i 1i t y .
Compar ison o f  I n i t i a l  and F i n a l  Scores  o f  M u s c u la r  Endurance o f  t h e  
Legs
In T a b l e  Ml  t h e  mean g a i n  f o r  Group I ,  t h e  i n t e r v a l  r unn i ng  
g r ou p ,  i s  shown t o  be 1 7 . 9 .  T h i s  r e s u l t e d  in a _ t - r a t i o  o f  2 . 5 .  T h i s  
exceeded  t h e  2 . 0 4  r a t i o  needed f o r  s i g n i f i c a n c e  a t  t h e  . 05  l e ve l  b u t  
d i d  n o t  r e a c h  t h a t  o f  2 . 7 6  r e q u i r e d  f o r  t h e  .01 l e ve l  o f  p r o b a b i l i t y .
Group I I ,  t h e  s t e p  t r a i n i n g  g r oup ,  showed a mean g a i n  in 
m u s cu l a r  e n d u r a n c e  o f  t h e  l e gs  o f  2 1 . 4 .  T h i s  r e s u l t e d  in a _ t - r a t i o  
o f  3 . 4  which was in e x c e s s  o f  t h e  2 . 7 6  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  
t h e  .01 l e v e l  o f  c o n f i d e n c e .  Th e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  t r a i n i n g  
program f o r  t h i s  group r e s u l t e d  in a s i g n i f i c a n t  i n c r e a s e  in m u s cu l a r  
e n d u r a n c e  o f  t h e  l e g s .
Group I I I ,  t h e  i s o m e t r i c  e x e r c i s e  g r ou p ,  had a mean ga i n  in 
m u s c u l a r  e n d u r a n c e  o f  t h e  l e gs  o f  2 5 . 6  which  r e s u l t e d  in a _ t - r a t i o  
o f  4 . 4 .  T h i s  r e s u l t  was s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  c o n f i d e n c e  
and i n d i c a t e d  t h a t  m u s c u l a r  e n d u r a n c e  of  t h e  l e g s  was improved by t h e  
t r a i n i n g  p rogram f o l l o w e d  by t h i s  g r oup .
T A B L E  I I I
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96 . 5 114.4 17.9 7 . 2 2 . 5 .05
Group II 
( S t epp i  ng)
30 8 9 . 4 110.8 21 . 4 6 . 3 3.41 .01
Group 111 
( I s o m e t r i c )
30 84 . 3 109.9 25 .6 5 . 8 4 . 4 .01
Group IV 
( C o n t r o l )
30 78.3 9 3 . 6 15.3 5 . 4 2 . 8 4 .01
t  needed a t  .05 l eve l  = 2 . 0 5 ; _t needed a t  .01 l e v e l  = 2 .7 6
Group IV, t h e  c o n t r o l  g roup ,  had a mean g a i n  o f  15.3 in mu s cu l a r  
e n d u r a n c e  o f  t h e  l e g s .  The r e s u l t i n g  _ t - r a t i o  o f  2 . 8  was in e x c e s s  o f  
t h e  2 .7 6  r a t i o  r e q u i r e d  f o r  t h e  .01 l e ve l  of  p r o b a b i l i t y  and i n d i c a t e d  
t h a t  t h e  p h y s i c a l  e d u c a t i o n  a c t i v i t i e s  p r a c t i c e d  in t h i s  s t udy  
r e s u l t e d  in an i n c r e a s e  in mu s c u l a r  e n d u r a n c e .
The r e s u l t s  o f  T a b l e  111,  page 4 8 ,  show t h a t  a l l  f o u r  o f  t h e  
t r a i n i n g  g roups  made s i g n i f i c a n t  g a i n s  in mu s cu l a r  e n d u r an c e  o f  t h e  
l e g s .  The o n l y  d i s s i m i l a r i t y  ev i de nc e d  was t h a t  t h e  g a i n s  f o r  Group I 
were  s i g n i f i c a n t  a t  t h e  .05 l e v e l  whereas  t he  o t h e r  groups  had 
s i g n i f i c a n t  g a i n s  a t  t h e  .01 l e ve l  o f  c o n f i d e n c e .
111.  ANALYSIS OF VARIANCE
For  t h e  v a r i a b l e s  o f  c a r d i o - v a s c u l a r  f i t n e s s ,  l eg  s t r e n g t h ,  and 
m u s c u l a r  e n du r an c e  o f  t h e  l e g s ,  a n a l y s i s  o f  v a r i a n c e  was u t i l i z e d  t o  
d e t e r m i n e  i f  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  g roups  as  
a r e s u l t  o f  t h e  t r a i n i n g  p rograms .  In d e t e r m i n i n g  whe t he r  t o  u s e  
a n a l y s i s  of  v a r i a n c e  o r  c o - v a r i a n c e ,  t h e  o r i g i n a l  t e s t  s c o r e s ,  f o r  a l l  
g r ou p s ,  t a k e n  t o g e t h e r ,  in each  v a r i a b l e ,  were c o r r e l a t e d  a g a i n s t  t he  
g a i n s  made as  a r e s u l t  o f  t r a i n i n g .  I f  t h e r e  was a r e l a t i v e l y  h i gh  
c o e f f i c i e n t  o f  c o r r e l a t i o n  t h i s  would i n d i c a t e  t h a t  t h e  f i n a l  r e s u l t s  
were  c o n s i d e r a b l y  a f f e c t e d  by t h e  i n i t i a l  s c o r e s .  As an a r b i t r a r y  
c r i t e r i o n ,  a c o r r e l a t i o n  o f  + .50 or  above  was e s t a b l i s h e d .  I f  a 
c o r r e l a t i o n  o f  .50 was o b t a i n e d  i t  would mean t h a t  25 p e r  c e n t  o f  t h e  
v a r i a b i l i t y  o f  t h e  f i n a l  s c o r e s  was due t o  t h e  i n i t i a l  s c o r e s  and t h a t
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t h i s  s hou l d  be compensa ted  f o r  by employ ing  c o - v a r i a n c e  t o  s t a t i s t i c a l l y  
e q u a t e  t h e  g r ou ps .
The r ‘ s o b t a i n e d  between t h e  i n i t i a l  t e s t  s c o r e s  and t h e  g a i n s  
f o r  c a r d i o - v a s c u l a r  f i t n e s s ,  l eg  s t r e n g t h ,  and m u s c u l a r  e n du r an c e  o f  
t h e  l egs  were  a l l  we l l  below + . 5 0 ; t h e r e f o r e ,  a n a l y s i s  o f  v a r i a n c e  
was employed.
A n a l y s i s  of  V a r i a n c e  f o r  C a r d i o - V a s c u 1a r  F i t n e s s  T e s t  Sc o r e s
A n a l y s i s  o f  t h e  c a r d i o - v a s c u l a r  f i t n e s s  t e s t  s c o r e s  d a t a  
r e v e a l e d  an F - r a t i o  o f  . 3 2 .  For  3 and 116 d e g r e e s  o f  f reedom shown in 
T a b l e  IV, F - r a t i o s  o f  2 . 6 9  and 4 . 8 0  were  needed f o r  s i g n i f i c a n c e  a t  
t h e  .05 and .01 l e v e l s  o f  c o n f i d e n c e ,  r e s p e c t i v e l y .  The F - r a t i o  
o b t a i n e d  was c l e a r l y  be low t h e  v a l u e  needed  t o  meet  t h e  t e s t  of  
s i g n i f i c a n c e  a t  t h e  .05  l e v e l ,  which meant  t h a t  t h e r e  were  no d i f f e r ­
e n c e s  among t h e  f o u r  g roups  in c a r d i o v a s c u l a r  f i t n e s s  improvement .
A n a l y s i s  o f  V a r i a n c e  f o r  Leg S t r e n g t h  T e s t  Scores
The F - r a t i o  found  f rom an a n a l y s i s  o f  v a r i a n c e  o f  t h e  leg 
s t r e n g t h  s c o r e s  a l s o  i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  
among g r ou p s .  The o b t a i n e d  F - r a t i o  o f  2 . 1 2  was c l e a r l y  n o t  s i g n i f i c a n t  
a t  t h e  .05 l e v e l  o f  c o n f i d e n c e .
A n a l y s i s  o f  Va r i a n c e  f o r  Muscu la r  Endurance  o f  t h e  Legs T e s t  Scores  
In T a b l e  IV t h e  r e s u l t s  o f  t h e  a n a l y s i s  o f  v a r i a n c e  showed an 
F - r a t i o  o f  .57  f o r  t h e  compar i s on  o f  t h e  f o u r  groups  in mu s c u l a r
T A B L E  I V
ANALYSIS OF VARIANCE FOR COMPARISONS OF MEAN GAINS AMONG THE FOUR 
GROUPS OF COLLEGE MEN IN CARDIO-VASCULAR FITNESS, LEG STRENGTH, 
AND MUSCULAR ENDURANCE OF THE LEGS
Type o f  T e s t
So u r ce  of  
Var i a t  i on
C o r r e c t e d
SS d f
Mean
S q u a r e s F P
Card i o - v a s c u ! a r Between 110 3 3 3 6 . 6 .32 NS
Fi t n e s s
Wi th  i n 13,601 116 117.2
T o t a l 13,713 119
Leg S t r e n g t h Between 22 , 423 3 7 4 7 4 . 2 2 . 1 2  NS
Wi th  i n 4 0 9 , 577 116 3 5 3 0 . 8
To t a l 43 2 , 0 0 0 119
Muscu1a r Between 2 , 4 94 3 8 3 1 . 2 -57 NS
Endurance  of
t h e  Legs Wi t h  i n 167,490 116 1443 . 8
To t a  1 169,984 119
F needed a t  . 05  l e v e l ,  2 . 6 9 ;  a t  .01 l e v e l ,  4 . 8 0
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e n du r an c e  s c o r e s .  Th i s  F - r a t i o  was n o t  s i g n i f i c a n t  and i n d i c a t e d  t h a t  
no d i f f e r e n c e  in m u s c u l a r  end u r a n c e  s c o r e s  e x i s t e d  among t h e  f o u r  g r ou p s .
CHAPTER V
SUMMARY, FINDINGS, AND CONCLUSIONS
I .  SUMMARY
I t  was t h e  p u r p o s e  o f  t h i s  s t u d y  t o  d e t e r m i n e  t he  e f f e c t s  o f  
t h r e e  e x e r c i s e  r o u t i n e s  o f  s h o r t  d u r a t i o n ,  g i v e n  in c o n j u n c t i o n  w i t h  
a r e g u l a r  p h y s i c a l  e d u c a t i o n  program,  on t h e  deve l opment  o f  c a r d i o ­
v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h ,  and r e l a t i v e  m u s c u l a r  e n d u r a n c e  o f  t he  
l e g s  o f  a s e l e c t e d  g roup  o f  c o l l e g e  m a l e s .
One hundred  t wen t y  ma le  s t u d e n t s  a t  Pembroke S t a t e  C o l l e g e ,  
Pembroke,  Nor th  C a r o l i n a  s e r v e d  as  s u b j e c t s  f o r  t h i s  s t u d y .  The 
s u b j e c t s  were  d i v i d e d  i n t o  f o u r  g r ou ps :  Group I p e r f o r me d  a f i v e -  
mi n u te  i n t e r v a l  run in a d d i t i o n  t o  t h e  . r e g u l a r  r e q u i r e d  program o f  
p h y s i c a l  e d u c a t i o n ;  Group II pe r f o r me d  a s p e c i a l l y  d e s i g n e d  s t e p p i n g  
e x e r c i s e  o f  two and o n e - h a l f  mi nu t e s  d u r a t i o n  a l ong  w i t h  t h e  p h y s i c a l  
e d u c a t i o n  a c t i v i t y ;  Group I I I  pe r f o r me d  a program o f  f o u r  i s o m e t r i c  
e x e r c i s e s  f o r  a p e r i o d  o f  e i g h t  s econds  f o r  e ac h  e x e r c i s e  in a d d i t i o n  
t o  t h e  p h y s i c a l  e d u c a t i o n  program;  and Group IV, t h e  c o n t r o l  g r oup ,  
p a r t i c i p a t e d  on ly  in t h e  r e g u l a r  r e q u i r e d  p rogram o f  p h y s i c a l  e d u c a t i o n .  
Al l  s u b j e c t s  t ook  p a r t  in t h e  same p h y s i c a l  e d u c a t i o n  a c t i v i t i e s ,  
c o n s i s t i n g  o f  s o c c e r ,  t ouch  f o o t b a l l ,  b a s k e t b a l l ,  and w r e s t l i n g .  The 
f i r s t  week o f  t he  e x p e r i m e n t  was d e v o t ed  t o  o r i e n t a t i o n  and p r e - t e s t  
t r a i n i n g  t o  f a m i l i a r i z e  t h e  s u b j e c t s  w i t h  t h e  t e s t s  and t h e i r
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a d m i n i s t r a t i o n .  Al l  g r oups  were  t e s t e d  t h e  f o l l o w i n g  week in o r d e r  t o  
e s t a b l i s h  t h e  i n i t i a l  s c o r e s  on t h e  v a r i a b l e s  i n v o l ve d  in t h e  s t u d y .
The s u b j e c t s  t he n  t r a i n e d  t h r e e  d a y s  a week f o r  s i x  weeks .
At t h e  end o f  t h e  s i x - w e e k  t r a i n i n g  p e r i o d ,  a l l  s u b j e c t s  were  
r e - t e s t e d  in an e f f o r t  t o  d e t e r m i n e  w h e t h e r  o r  n o t  s i g n i f i c a n t  change s  
in c a r d i o - v a s c u l a r  f i t n e s s ,  l e g  s t r e n g t h ,  and m u s c u l a r  e n d u r a n c e  o f  
t h e  l e g s  o c c u r r e d  d u r i n g  t h e  s t u d y .
The j > t e s t  was used t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e  g a i n s  
made be t ween t h e  i n i t i a l  and f i n a l  t e s t s  o f  c a r d i o - v a s c u l a r  f i t n e s s ,  
l e g  s t r e n g t h ,  and m u s c u l a r  e n d u r a n c e  o f  t h e  l e g s .  A n a l y s i s  o f  
v a r i a n c e  was u t i l i z e d  t o  d e t e r m i n e  i f  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  f o u r  g r ou p s  in t h e  g a i n s  made in e a c h  o f  t h e  v a r i a b l e s .
I I .  FINDINGS
The f i n d i n g s  o f  t h i s  s t u d y  were  a s  f o l l o w s :
1. The g a i n s  made in c a r d i o - v a s c u l a r  f i t n e s s  by a l l  f o u r  g r oups
were  s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  No 
s i g n i f i c a n t  d i f f e r e n c e s  were found  among t h e  f o u r  g roups  
in c a r d i o - v a s c u l a r  f i t n e s s  g a i n s .
2 .  Al l  f o u r  g roups  showed s i g n i f i c a n t  improvement  in l eg
s t r e n g t h  a f t e r  s i x  weeks  o f  t r a i n i n g .  The g a i n s  were 
s i g n i f i c a n t  a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y .  When t h e  
g r oups  were  compared,  no s i g n i f i c a n t  d i f f e r e n c e s  in leg 
s t r e n g t h  g a i n s  we r e  f o u n d .
3.  The g a i n s  made in mu s cu l a r  e n du ra n c e  s c o r e s  were  s i g n i f i c a n t  
a t  t h e  .01 l e v e l  o f  p r o b a b i l i t y  f o r  a l l  f o u r  g r ou p s .  No 
s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among t h e  f o u r  g roups  in 
t h e  amount  o f  improvement  made In mu s c u l a r  e n d u ra n c e  s c o r e s .
111.  DISCUSSION OF FINDINGS
O r d i n a r i l y ,  i t  mi gh t  seem s t r a n g e  o r  even s u s p i c i o u s  t h a t  t h e  
c o n t r o l  group would p e r f o r m as  we l l  a s  t h e  e x p e r i m e n t a l  g roups  in a l l  
o f  t h e  v a r i a b l e s .  However,  t h e  c o n t r o l  group in t h i s  s t u d y  was n o t  
me r e l y  a " t e s t - r e t e s t "  group  w i t h  no i n t e r v e n i n g  a c t i v i t y .  I t  mus t  
be r e i t e r a t e d  t h a t  a l l  o f  t h e  s u b j e c t s  in a l l  f o u r  o f  t h e  g roups  were  
p a r t i c i p a t i n g  in p h y s i c a l  e d u c a t i o n  c l a s s e s .  T h e r e f o r e ,  t h e  e x p e r i m e n t a l  
g r ou ps ,  in r e a l i t y ,  had o n l y  a few mi nu t e s  o f  c o n c e n t r a t e d ,  s p e c i f i c  
e x e r c i s e s  t h a t  t h e  c o n t r o l  group d i d  n o t .
Of p r im a r y  i mp o r t a n c e  was t h e  n a t u r e  o f  t h e  p h y s i c a l  e d u c a t i o n  
a c t i v i t i e s  in which  a l l  o f  t h e  s u b j e c t s  p a r t i c i p a t e d .  The a c t i v i t i e s  
( t o u c h  f o o t b a l l ,  s o c c e r ,  b a s k e t b a l l ,  and w r e s t l i n g )  a r e  a l l  s t r e n u o u s  
s p o r t s  i n v o l v i n g  a g r e a t  d e a l  o f  p h y s i c a l  s t a m i n a .  Of even g r e a t e r  
- p e r t i n e n c e  t o  t he  f i n d i n g s  o f  t h i s  s t u d y  was t h e  manner  in which t h e s e  
a c t i v i t i e s  were  c o n d u c t e d .  Much o f  t h e  c l a s s  t i me  was s p e n t  in 
c o n d i t i o n i n g  work i n c l u d i n g  r unn i ng  and e x e r c i s e s .  Th e r e  were v e r y  
few o c c a s i o n s  in which t h e  s u b j e c t s  were  i n a c t i v e  o r  s t a t i o n a r y .  The 
d r i l l s  employed in p r a c t i c i n g  s k i l l s  in t h e s e  s p o r t s ,  p a r t i c u l a r l y  in 
s o c c e r  and w r e s t l i n g ,  demanded v i g o r o u s  movement;  f u r t h e r m o r e ,  a c t u a l
c o m p e t i t i o n  in  a l l  o f  the  a c t i v i t i e s  i n v o l v e d  a g r e a t  dea l  o f  r u n n in g  
and p h y s i c a l  s t r e s s .  The i n v e s t i g a t o r  emphasized maximum e f f o r t  and 
c o n t i n u a l l y  e x h o r t e d  a l l  o f  t h e  s u b j e c t s  t o  e x e r t  as hard  as the y  
c o u l d .  C o n s e q u e n t l y ,  t h e  c o n t r o l  g roup  as w e l l  as t h e  e x p e r im e n ta l  
g roups  were  s u b j e c t e d  t o  a c o n s i d e r a b l e  amount  o f  e x e r c i s e  f o r  t h i r t y -  
f i v e  m in u te s  a day ,  t h r e e  t im e s  p e r  week.
I t  shou ld  be e v i d e n t  f ro m  th e  p r e c e d in g  d i s c u s s i o n  t h a t  g a ins  
in  s e l e c t e d  measures o f  p h y s i c a l  c o n d i t i o n  by the  c o n t r o l  g roup  were 
n o t  t o t a l l y  une xp ec te d .  T h i s  s t u d y  was p r i m a r i l y  concerned w i t h  
d e t e r m i n i n g  w h e th e r  t h e  a d d i t i o n  o f  s p e c i f i c  e x e r c i s e  r o u t i n e s  wou ld  
b r i n g  abou t  s i g n i f i c a n t  improvement  i n  c o n d i t i o n i n g  o v e r  and above th e  
r e g u l a r  t r a i n i n g  a c t i v i t i e s .  Based on th e  re v ie w  o f  l i t e r a t u r e ,  i t  was 
h y p o th e s i z e d  t h a t  c e r t a i n  e x e r c i s e  r o u t i n e s  wou ld  have some advan tage  
In  c e r t a i n  measures o f  f i t n e s s .  For  example ,  due t o  t h e  f r e q u e n t l y  
observed  r e l a t i o n s h i p  o f  s p e c i f i c i t y  o f  p r a c t i c e  t o  p e r fo rm a n c e ,  i t  
was t h o u g h t  t h a t  s u p e r i o r i t y  m ig h t  be e v id en ce d  in  le g  s t r e n g t h  
pe r fo rm an ce  by the  I s o m e t r i c  e x e r c i s e  g ro u p ,  and in  th e  Harva rd  Step 
T e s t  by the  bench s t e p p i n g  g ro u p .  However, t h i s  was n o t  t h e  case.  
E v i d e n t l y ,  t h e  p h y s i c a l  e d u c a t i o n  a c t i v i t i e s  were  a b l e  t o  p roduce  
s u f f i c i e n t  s t r e s s  t h a t  in  t u r n  r e a l i z e d  s i g n i f i c a n t  improvement in  the  
p h y s i c a l  measures t h a t  were  measured in  t h i s  s t u d y .
iV .  CONCLUSION
W i t h i n  t h e  l i m i t s  o f  t h i s  s t u d y ,  i t  was conc luded  t h a t  s i g n i f i c a n t
g a i n s  in c a r d i o - v a s c u l a r  f i t n e s s ,  s t r e n g t h  and e n d u r a n c e  can  be b r o u g h t  
a bou t  by p l a c i n g  t h e  i n d i v i d u a l  u n d e r  s u f f i c i e n t  s t r e s s .  The n a t u r e  o f  
t h e  c o n d i t i o n i n g  program i s  n o t  t h e  i m p o r t a n t  c o n s i d e r a t i o n  as  long as 
i t  i s  s u f f i c i e n t l y  s t r e n u o u s .
V. RECOMMENDATION
Based on t h e  f i n d i n g s  o f  t h i s  s t u d y ,  i t  i s  recommended t h a t  a 
s i m i l a r  i n v e s t i g a t i o n  be c o n du c t e d  u s i n g  l e s s  s t r e n u o u s  p h y s i c a l  
e d u c a t i o n  a c t i v i t i e s  such as  g o l f ,  a r c h e r y ,  b admi n t on ,  and o t h e r s  t o  
a s c e r t a i n  w h e t h e r  o r  n o t  t h e s e  s u p p l e m e n t a r y  e x e r c i s e  p rograms  would be 
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A P P E N D I X  A
COURSE OUTLINE OF BASIC PHYSICAL EDUCATION ACTIVITY CLASS 
FALL SEMESTER, 1966-67
The o b j e c t i v e  of  t h e  b a s i c  p h y s i c a l  e d u c a t i o n  c l a s s  as t a u g h t  
a t  Pembroke S t a t e  C o l l e g e  was t o  p r o v i d e  a l l  s t u d e n t s  w i t h  t he  
o p p o r t u n i t y  t o  l e a r n  and p a r t i c i p a t e  in i ndoor  and o u t d o o r  s p o r t s  and 
t o  p a r t i c i p a t e  in and e n j oy  l e i s u r e  t i me  r e c r e a t i o n  c o n s i s t e n t  wi th  
t h e i r  a b i l i t i e s  and i n t e r e s t s .
The cos tume worn f o r  t he  c l a s s e s  was t h e  r e g u l a t i o n  uni form 
p r e s c r i b e d  by t h e  d e p a r t m e n t ,  c o n s i s t i n g  o f  b l a c k  s h o r t s ,  gold and 
b l a c k  r e v e r s i b l e  T - s h i r t ,  wh i t e  s o c k s ,  s u p p o r t e r ,  and t e n n i s  shoes .  
Sweat c l o t h e s  were p e r m i t t e d  on an o p t i o n a l  b a s i s .
The c l a s s e s  met f rom f i v e  m i n u t e s  a f t e r  the  s c he du l e d  hour 
u n t i l  f i f t e e n  mi nu t e s  b e f o r e  t he  n e x t  hour ,  r e s u l t i n g  in a t o t a l  o f  
f o r t y  mi nu t e s  in c l a s s .  The f i r s t  f i v e  minutes  of  t he  c l a s s  t ime f o r  
t h e  e x pe r i m e n t a l  groups  was devoted t o  t he  t r a i n i n g  programs d e s c r i b e d  
in t h e  body of  t h i s  p a p e r .  The f i r s t  f i v e  mi nu tes  of  t h e  c o n t r o l  
group was d e vo t ed  t o  r o l l  c a l l  and f o r  the  pu rpos e  o f  i n fo rmi ng  the  
c l a s s  Of t h e  s c h e d u l e  o f  t he  d a y ' s  a c t i v i t i e s .  T h e r e f o r e ,  each of  
t h e  f o u r  g roups  had a s ch e d u l e  t h a t  r e s u l t e d  in t h i r t y - f i v e  mi nu t e s ,  
t h r e e  days  a week,  o f  a c t u a l  p a r t i c i p a t i o n  in p h y s i c a l  e d u c a t i o n  
a c t i v i t i e s .  One and o n e - h a l f  weeks were  devo t ed  t o  each o f  t he  f o u r  
a c t i v i t i e s  ( t ouch  f o o t b a l l ,  s o c c e r ,  b a s k e t b a l l ,  and w r e s t l i n g . )  
C o n s i d e r a b l e  emphas i s  was g iven  t o  d r i l l s  and c o n d i t i o n i n g  e x e r c i s e s .
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The l a t t e r  p a r t  o f  each u n i t  was devo t ed  t o  c o m p e t i t i o n  w i t h i n  t he  
c l a s s ,  in t h e  p a r t i c u l a r  s p o r t .  A breakdown o f  the  s p e c i f i c  a c t i v i t i e s  
was a s  f o l l o w s :
Touch F o o t b a l 1
Phases  of  I n s t r u c t i o n
1. Fundamental  p o s i t i o n s
a.  Lineman' s  s t a n c e  -  r e g u l a r  and modi f i ed
b.  Back s t a n c e  -  r e g u l a r  and u p r i g h t
2.  S k i l l s  in p l a y i n g  the  game
a.  Blocking
b.  S k i l l s  in p r o v i d i n g  p r o t e c t i o n  f o r  t he  p a s s e r
c .  Pass  r e c e p t i o n
d.  Pass  d e f e n s e
e .  S k i l l s  in u s i n g  i n t e r f e r e n c e  p r o p e r l y
f .  Running a t t a c k
g.  Pass  p a t t e r n s
h.  Ski 11s in k i c k i n g
i .  S k i l l s  in c o ve r i n g  k i c k s
3.  The r u l e s  o f  touch f o o t b a l ]
a .  Touch d e f i n e d
b.  Legal and i l l e g a l  s t r a t e g y
c.  O f f s i d e  r u l e
d .  Fi r s t  down r u l e
e .  Unnecessary  roughness
k .  I n t r a - c l a s s  c o m p e t i t i o n
Socce r
Phases  of  I n s t r u c t i o n
1. S k i l l s  in t r a p p i n g  t he  b a l l
a.  S t a t i o n a r y  h i gh  t r a p
b .  L e t t i n g  t h e  b a l l  down
c .  High d rag  t r a p
d.  Low drag  t r a p
e .  Low wi t hdrawa l  t r a p
f .  Knee t r a p
g. Ches t  t r a p
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2.  S k i l l s  in k i c k i n g  t h e  b a l l
a .  I n s i d e  o f  f o o t  k i c k
b.  I n s t e p  k i c k
c .  1n s t e p  v o l 1ey
d.  Overhead k i c k
e .  S h o o t i n g
f .  P a s s i n g
3.  S k i l l s  in h e a d i n g  t h e  b a l l
a .  Heading t h e  b a l l  f o r wa r d
b.  Heading t h e  b a l l  backward
c .  S I i  d i ng t h e  b a l 1
d .  S h o o t i n g  h e a d e r
e .  Heading t h e  b a l l  t o  f e e t
k .  Pos i  t i o n a l  sk i  1 Is
a .  Forward p l a y
b.  H a l f - b a c k  p l a y
c .  F u 11- b a c k  pi ay
d .  Goal ke e p i ng
5.  S t r a t e g y  o f  t h e  game
a .  O f f e n s i v e  t h e o r y
b.  D e f e n s i v e  t h e o r y
6 .  Knowledge o f  t h e  r u l e s  
7- I n t r a - c l a s s  c o m p e t i t i o n
B a s k e t b a l 1
P h a s e s  of  I n s t r u c t i o n
1. S k i l l s  in p a s s i n g  t h e  b a l l
a .  C h e s t  p a s s
b.  Bounce p a s s
c .  Hook p a s s
d .  One hand p as s
2 .  D r i b b l i n g  and s h o o t i n g
a.  D r i b b l i n g ,  r i g h t  and l e f t  hand
b.  D r i b b l e  in and l a y - u p  s h o t s  f r om r i g h t  and l e f t  s i d e s
c .  Hook s h o t  s t a r t i n g  w i t h  back  t o  b a s k e t
d .  One hand s h o t s
e .  Two hand s h o o t i n g
f .  Foul  s h o o t i n g
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3.  D r i l l s  f o r  d e v e l o p i n g  s k i l l
a .  Lay-up d r i l l
b.  Two on one
c .  F i g u r e  e i g h t
k .  I n t r a - c l a s s  c o m p e t i t i o n
Wres t  1i ng
P h a s e s  o f  I n s t r u c t i o n
1. Fundamenta l  p o s i t i o n s
a .  S t a n c e - r e g u l a r  and Oklahoma
b.  R e f e r e e ' s  p o s i t i o n  -  up and down
2.  Takedowns
a .  Double l eg
b .  Arm d r ag
c .  Head -  d r ag
d .  Heel p i c kup
e .  C o u n t e r s
3.  Re v e r se s
a .  Swi t ch  and c o u n t e r - s w i t c h
b.  S i de  r o l 1
c .  S i t - o u t
k .  Escapes
a .  S t a n d - u p
b.  S i t - o u t
5.  Takedowns f rom beh i nd
a .  C r o s s - o v e r
b.  Back Heel
6.  Takedowns f a c e  t o  f a c e
a .  Slapdown
b.  Arm d r a g
7.  Rides  and breakdowns
a .  Arm l e v e r
b.  J e r k  o ve r
c .  Cros s  f a c e  and a n k l e
8 .  P i n n i n g  c o m b i n a t i o n s
a .  T u l s a  s p e c i a l
b .  H a l f - N e l s o n  c o m b i n a t i o n s
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9.  The r u l e s  o r  w r e s t l i n g
a .  Legal  and i l l e g a l  h o l d s
b .  Weight  c l a s s i f i c a t i o n s
c .  Length  o f  ma t ches
d .  I n d i v i d u a l  and team p o i n t  s c o r i n g
e .  F a l l s  and n e a r  f a l l s
f .  I n j u r i e s  and d e f a u l t s
10. I n t r a - c l a s s  c o m p e t i t i o n
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A P P E N D I X  B
I L L U S T R A T I O N  OF LE G  E X T E N S I O N  I S O M E T R I C  E X E R C I S E
i i ®
T h i s  p i c t u r e  shows a s i d e  v i e w o f  t h e  l e g  e x t e n s i o n  e x e r c i s e  
f o r  t h e  i s o m e t r i c  t r a i n i n g  g r o u p .
A P P E N D I X  C
I L L U S T R A T I O N  O F  T H E  LEG C U R L  I S O M E T R I C  E X E R C I S E
71
Thi s  p i c t u r e  shows a s i d e  view o f  t h e  l e g  c u r l  e x e r c i s e  f o r  t h e
i s o m e t r i c  t r a i n i n g  group
A P P E N D I X  D
I L L U S T R A T I O N  OF T H E  T O E  R A I S E  I S O M E T R I C  E X E R C I S E
Th i s  p i c t u r e  shows a s i d e  view of  t h e  t o e  r a i s e  e x e r c i s e  f o r  
i s o m e t r i c  t r a i n i n g  g roup .
A P P E N D I X  E
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I L L U S T R A T I O N  O F  T H E  INWARD LEG P U S H  I S O M E T R I C  E X E R C I S E
T h i s  p i c t u r e  shows a f r o n t  v i ew o f  t h e  inward l eg  push e x e r c i s e  
f o r  t h e  i s o m e t r i c  t r a i n i n g  g r oup .
A P P E N D I X  F
I N I T I A L  AND F I N A L  C A R D I 0 - VASCULAR F I T N E S S  S C O R E S  AS MEASURED
BY TH E  HARVARD S T E P  T E S T  FOR  GROUP I
I n i t i a l Fi nal































T o t a  1 2194 2469
Mean 73.1 82 . 3
A P P E N D I X  G
I N I T I A L  AND F I N A L  CARD I 0 - V A S C U L A R  F I T N E S S  S C O R E S  A S  MEASURED
BY TH E  HARVARD S T E P  T E S T  F O R  GROUP I I
I n i t i a l  F i n a l































T o t a l
Mean
2391
7 9 . 7
2516
87.2
A P P E N D I X  H
I N I T I A L  AND F I N A L  CARD I 0 - V ASCULAR F I T N E S S  S C O R E S  A S  MEASURED
BY THE HARVARD S T E P  T E S T  F O R  GROUP I I I
Sub j e c t
I n i t i a l
S c o r e s
F i na l































To t a l
Mean
2268




A P P E N D I X  I
I N I T I A L  AND F I N A L  C A R D I 0 - VASCULAR F I T N E S S  S C O R E S  AS MEASURED
BY T H E  HARVARD S T E P  T E S T  F O R  GROUP IV
I n i t i a l Fi nal
Sub i e c t S c o r es S c o r e s
I 72 75





























T o t a l 2154 2463
Mean 7 1 . 8 8 1 . 2
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A P P E N D I X  J
I N I T I A L  AND F I N A L  LEG S T R E N G T H  S C O R E S  A S  MEASURED
BY T H E  I S O - S C A L E  F O R  GROUP I
Sub i e c t s
I n i t i a l
S c o r es
F i n a l































T o t a l  8850 10080
Mean____________________________________ 295____________________________ 336
S co r e s  a r e  measured  in pounds .
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APPENDIX K 
INITIAL AND FINAL LEG STRENGTH 
BY THE ISO-SCALE FOR
SCORES AS MEASURED 
GROUP 11
S u b ] e c t s
I n i t i a l
S c o r e s
































Tot a l 8778 9759
Mean 2 92 . 6 325
S c o r e s  a r e  m e a s u r e d  i n  p o u n d s .
A P P E N D I X  L
I N I T I A L  AND F I N A L  LEG S T R E N G T H  S C O R E S  A S  MEASURED
BY T H E  I S O - S C A L E  F O R  GROUP I I I
1 ni t i a l F ina l































Tot a  1 7545 9510
Mean 2 5 1 . 5 317 . 0
S c o r e s  a r e  m e a s u r e d  i n  p o u n d s .
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A P P E N D I X  M
I N I T I A L  AND F I N A L  LEG S T R E N G T H  S C O R E S  AS MEASURED
BY TH E  I S O - S C A L E  F O R  GROUP IV
I n i t i a l Fi nal































T o t a l 7830 8769
Mean 261 .0 2 92 . 3





FINAL MUSCULAR ENDURANCE OF THE LEGS SCORES 
MEASURED IN THIS STUDY FOR GROUP 1
S u b j e c t s
I n i t i a l
S co r e s
Fi nal  


































9 6 . 5
3432
114. 4
S co r e s  were  d e t e r m i n e d  by t h e  f o r m u l a ;  r e p e t i t i o n s  X w e i g h t
100
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A P P E N D I X  0
I N I T I A L  AND F I N A L  MUSCULAR ENDURANCE OF T H E  L E G S  S C O R E S
AS MEASURED IN THIS STUDY FOR GROUP 11
I n i t i a l Fi nal































T o t a l 2682 3324
Mean 8 9 . 4 110.8
Scores were  d e t e r m i n e d  by t h e  f o r mu l a : r e p e t i  t i o n s X w e i g h t
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APPENDIX P
I N I T I A L  AND FIN A L  MUSCULAR ENDURANCE OF THE LEGS SCORES
AS MEASURED IN T H I S  STUDY FOR GROUP I I I
Sub j e c t s
Ini  t i a l  
Scor e s
Fi nal  































T o t a l 1929 3297
Mean 64 . 3 109.9
S c o r e s  were  d e t e r m i n e d  by t h e  f o r mu l a ;  r e p e t i t i o n s  X w e i g h t
100
8 5
A P P E N D I X  CL
I N I T I A L  AND F I N A L  MUSCULAR ENDURANCE OF T H E  LEGS S C O R E S
AS MEASURED I N  T H I S  STUDY F O R  GROUP IV
I n i t i a l  F ina l































T o t a l  23^9 2808
Mean____________________________________ 7 8 .6 ___________________________ 93 . 6
S c o r e s  w e r e  d e t e r m i n e d  by t h e  f o r mu l a :  r e p e t i t i o n s  X we i g h t
100
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A P P E N D I X  R
TESTING AND TRAINING EQUIPMENT USED IN THIS STUDY
Thi s  p i c t u r e  shows t h e  t e s t i n g  a p p a r a t u s  used in t h i s  s t u d y .
The i t ems  a r e  in a l p h a b e t i c a l  o r d e r :  A -  T e s t i n g  Bench; B -  Chocks;
C -  Goniomete r ;  D -  S t r a p  and b a r  used f o r  l eg  s t r e n g t h  t e s t ;  E -  
I s o m e t r i c  S t r a p s ;  F - I s o - s c a l e s  and aluminum mount ing  p l a t e ;  G -  S t e e l  
Bar;  H -  Tape Reco r de r ;  I -  Padded B e l t ;  J  -  Cha i n s ;  K -  B a r b e l l  and 
We i gh t s .  I terns B t h r ough  H a r e  r e s t i n g  on t h e  S t e p  T e s t  Bench.
V IT A
The a u t h o r  was born  in Ozark,  Alabama on June  2 ,  1930.  He 
a t t e n d e d  t h e  Da l e  County s c h o o l  sys t em t h r o u g h  j u n i o r  h i g h  school  
and compl e t e d  h i s  h igh  s c h o o l  e d u c a t i o n  in New O r l e a n s ,  L o u i s i a n a .
He r e c e i v e d  h i s  B a c h e l o r  o f  S c i e n c e  d e g r e e  f rom Auburn U n i v e r s i t y ,  
Auburn,  Alabama,  in 1953 w i t h  a ma j o r  in P h y s i c a l  E d u c a t i o n .  The Mas t e r  
o f  Ed u c a t i o n  d e g r e e  was o b t a i n e d  a t  Auburn U n i v e r s i t y  in 1959.
The a u t h o r  has  been employed by Auburn U n i v e r s i t y ,  Auburn,
Alabama;  M c C a l l i e  Schoo l ,  C h a t t a n o o g a ,  T e n n e s s e e ;  and Andrew C o l l e g e ,  
C u t h b e r t ,  G e o r g i a .  He was employed f o r  two y e a r s  ( S e p t e m b e r ,  1963 t o  
A ugus t ,  1965) a s  a Gr ad u a t e  T e a c h i n g  A s s i s t a n t  in t h e  D e pa r t men t  o f  
H e a l t h ,  P h y s i c a l  and R e c r e a t i o n  E d u c a t i o n  a t  L o u i s i a n a  S t a t e  U n i v e r ­
s i t y  w h i l e  wor k i n g  toward t h e  Degree  o f  Doc t o r  o f  P h i l o s o p h y .  For  t h e  
p a s t  two y e a r s  he was employed by Pembroke S t a t e  C o l l e g e ,  Pembroke,
Nor t h  C a r o l i n a  where  he has  been t e a c h i n g  in t h e  P h y s i c a l  E d u c a t i o n  
Depa r t men t  and c o a c h i n g  S o c c e r  and W r e s t l i n g .
He i s  a member o f  t h e  Amer ican A s s o c i a t i o n  f o r  H e a l t h ,  P h y s i c a l  
E d u c a t i o n ,  and R e c r e a t i o n ,  The American W r e s t l i n g  Coaches  and O f f i c i a l s  
A s s o c i a t i o n ,  t h e  Amer ican S oc c e r  Coaches  A s s o c i a t i o n .
The a u t h o r  has  c o n t r i b u t e d  a s e t  o f  i l l u s t r a t e d  w r e s t l i n g  c h a r t s  
t o  p r o f e s s i o n a l  p u b l i c a t i o n s  in t h e  f i e l d  o f  H e a l t h ,  P h y s i c a l  E d u c a t i o n  
and R e c r e a t i o n .
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